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PEEFACE. 



This volume will, we hope, give the agricultural student 
and the young farmer some idea of the giant strides 
which have latterly been made in agricultural me- 
chanics, and which are still going on. The progress 
in this respect has been of a three-fold character. New 
machines have been invented and old ones greatly 
improved; new motive powers have been utilised to 
work them ; and new methods of transmitting power 
and of arranging barn machinery have of necessity 
followed. 

It has been deemed proper to devote a considerable 
section of the present book to an elucidation of the 
motor powers now in use, or likely to come into use, 
on the farm. The principle of the steam-engine has 
naturally been expounded at some length. Gas-engines, 
hot-air engines, turbines, and other water motors, have 
also been described as fully as space would permit. 
And in anticipation of the time, not very diatasA^"^^ 
imagine, when the ploughmaiL 'w\W. \i^ ^^^t^. Tvft^% '^Jts. 



his plough with one or more days' store of electric 
energy under the seat, and the implement; he steers 
turning over the soil with a speed, eaBC, and economy 
that immoaBurably distances even the best performances 
of the stoam-plough, electricity as a motor power, has 
received some share of attention. 

Pised barn works are now a thing of the past. The 
ponderous fixtures found in many bams erected within 
the last quarter ol' a centuiy are now judged un- 
necesBEtry, both on account of their expense and because 
they absorb too much power for the amount of work 
they perform. 

In working barn machiuery, horses are superseded 
to a great extent by the steam-engine, or, where that is 
found too expensive, a. hot-air engine, a gas-engine, or 
a water motor is now commonly employed. In such 
cases the method of transmitting power is usually 
through belting or by means of a driving-shaft, instead 
of toothed wheels. If horse-gear is used, none of the 
old expensive horse-wheels arc erected, a portable 
descriptiou having taken their place. 

Since the days of " Old Mortality," and the intro- 
duction of the winnowing -machine, when the use of 
that artificial aid to separating the chaS was regarded 
as a direct thwarting of the will of Providence, the 
faim-yard has been invaded by a host of inventions, 
some of them far more wonderful in their way than 
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the " new-fangled '' macliine which created such con- 
sternation in the minds of the good people of Tillie* 
tudlem. 

In the barn itself, the winnowing-machine has been 
fairly eclipsed by the modem threshing-machine ; and 
under the same roof, without an exception almost, we 
meet with the still more recent machines, the chaff- 
cutter, the root-pulper, the cake-crusher, and com- 
bruiser. In the rick-yard, we find machines for 
artificially drying hay and corn, for stacking hay and 
straw, and for trussing, baling, and compressing fodder 
of all kinds. In the dairy, again, there are machines 
which artificially separate the cream from the milk, 
and a great variety of others all tending to improved 
methods of dairying. And in the poultry-yard, amongst 
the marvels of the age, we may number the artificial 
mothers or incubators and the cramming-machine. 

These are only a few of the more recent bam imple- 
ments and machines. 
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CHAPTER I. 

MOTIVE POWERS. 

The sources of energy may be summarised as tides, 
food, fuel, wind, rain, and solar heat. 

Tides are a practical source of energy, because of the 
existence of tide-mills ; but it is a source which can 
only be rare in its use as compared with other motors. 
It is difficult in the case of docks to economise tidal 
energy by artificial dock basins, but there are places in 
the world where it would be possible, and even advan- 
tageous, to build a sea-wall across the mouth of a 
natural basin or estuary, and utilise the tidal energy, 
filling and emptying it by means of sluices and water- 
wheels. If this, however, can be done, but little more 
would be needed to keep out the water altogether, and 
make fertile land of the whole basin. It thus becomes 
an interesting economic question : " Which is most 
valuable, 40 acres of land, or the 100 horse-power which 
would be produced by 40 acres of water obtained in the 
way referred to ? " In one case the answer would be 
the horse-power, in another the acres ; but the question 
is hardly worth answering, considering the rarity of the 

B 
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cases where embankments for the utilifiatlon of tidal 
energy are practicable Much information ae to sea- 
power and tidal-mills will bo found in Bir R. Cano's 
yaluable work, the " InduBtrial Resources of Ireland." 

Food is productive of mamta/ and horsc-pou-er ; just 
aa fuel is the instrument which gives power to the 
Steam-Engine, the Gas-Engine, and the llot-air Engiite. 
Each of these will be found treated of in a difierent 
part of this work. 

Wind-^iower has more or less fallen into disuse, but 
this decadence may not be permanent. The coal-pits 
are becoming exhausted, slowly though surely, and the 
price of coal tends upwards. Long before coal is ex- 
hausted, therefore, wind may be again brought into 
greater requisition both on land and at sea. Even 
now it is not utterly chimerical to think of wind super- 
seding coal in some plaoes for various purposes. But 
until new inventions are made it does not seem probable 
that wind can be economically used in any considerable 
claasof cases, ortoputenergy into store for work of other 
kinds. In another volume of this series (" Irrigation 
and Water Supply") the value of wind-power for 
pumping water for tho supply of the homestead, and 
forwatering and irrigating 6elds and gardens, has been 
referred to ; and illustrations and descriptions of tho 
most effective wind-mills at present available for such 
purposes are also given. 

Rain-poteer has been chiefly utilised on the farm in 
the shape of collected drainage -water to drive threshing 
and other machines ; but the splendid suggestion of 
Sir W. Siemens that the power of Niagara might be 
utilised by transmitting it electrically to great distances, 
has given quite a fresh departure in respect of economy 
to rain-power. Tho difficulty of economising the 
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electrical transmitting power to great distances may 
now be accounted as overcome, and it is impossible to 
foresee what may not be the effect in the future. 

Sun-heat may also possibly be utilised with good effect 
as a motor-power — at least in tropical regions — long 
before our coal-fields are exhausted. M. Mouchot's 
solar engine is an example of what may be done in this 
direction. It is stated that an improvement of 
Mouchot's engine, devised by M. Pifre, has gone so far 
as to utilise 80 per cent, of the available heat of the 
sun's rays at Paris ; and the latter has actually con- 
structed an apparatus with which he pumped water to 
a height of 10 ft. at the rate of over 20 gallons a minute. 
As in Mouchot's solar engine, a reflector receives the 
light and concentrates it upon a boiler, in this case con- 
taining nearly 90 gallons of water, which, under a clear 
Paris sky, begins to boil in about 40 minutes, and in a 
few minutes longer has sufficient pressure to drive the 
engine working the pump. In the not distant future, 
then, tropical countries will be the place where motive 
power can be had for next to nothing. 
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CHArTER IT. 

WATER-POWEB. 

Of all motive power tbe one obtained from a fall of 
water is the best suited and cheapest for the agricul- 
turist, and if it can possibly be obtained, is well worth 
considerable trouble and first outlay. 

Water- Wheels. — Hitherto, in the farm at least, the 
motive power of water baa been chiefly applied to drive 
machinery by means of the old water-wheel, which is of 
three kinds — the oversltol, the breast, and the tttider- 
shot wheel. 

The overshot wheel is the most powerful of these, 
as in this case the whole fall of the water being some- 
thing greater than the diameter of the wheel, is 
employed in producing the power, which in some 
cases, where the machinery is of superior descrip- 
tion, is as much as 75 per cent, of the actual fall of 
water. 

The water is supplied to the wheel from a trough or 
shoot, the bottom surface of which should be about 0-4 
of a foot from the crown of the wheel to allow of the 
water obtaining a little greater velocity than the outer 
edge of the wheel. On some wheels the water le 
admitted a little below the crown, in which case the 
wheel is made of a greater diameter than the depth of 
the fall, The width of the trough should be something 
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less than the width of the wheel, to prevent waste, 
and allow for the escape of the air from out of the 
buckets. 

The overshot is beat adapted for small streams of 
considerable fall ; and the breaat-wheol for large streams 
with a small fall ; while the undershot is chiefly used 
as a flood wheel, or for obtaining motive power from the 
ebb and flow of the tide. 

These wheels, however, beiag both cumbersome and 
costly, are being rapidly superseded by the cheaper, 
more efficient, and more convenient Turbine and Water- 
En gi tie. 

The Turbine. — The turbiae is an improved machine 
for applying water-power, and is adapted for working 
all descriptions of machinery. It is equally suited for 
low and high falls, and possesses great advantages over 
the ordinary vertical wheel. In first cost it is almost 
invariably much cheaper ; it is erected at less expense, 
a small bed of masonry only being required as a foun- 
dation, whilst it yields the highest obtainable percentage 
of power from a given quantity of water. The speed 
needed for driving machinery is also obtained direct 
from the wheel-shaft, without the heavy intermediate 
gearing required with the ordinary wheel, as the 
lurbiue makes, on falls of average height, from 200 to 
SOO revolutions in a minute. 

Turbines have long been extensively employed on 
the continent, and more recently in the United States 
of America, and have been constructed in a great 
variety of forms, some of them being so designed as to 
attain a high efficiency, whilst others are altogether 
unsuited for use where economy in the consumption of 
water is desired. When properly constructed, how- 
ever, the turbine cannot be excelled as a means of 
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applying water-power, and it possesses many important 
iidvantagea over the ordinary water-wheel. 

Among the most obvious of these advantages the 
following may be enumerated :— 

1st. It is uHually much cheaper in cost, especially for 
high falls. 

3nd. It is erected at less expense, a small bed of 
masonry only being required as a foundation. 

3rd. It yields the highest obtainable power from a 
given quantity of water, and is equally efficient for 
high and low falls. On low fulls it greatly exceeds the 
ordinary breast and undershot wheels in economising 
the water. 

4. Ita action is not impeded by back-water, conse- 
quently it may be placed at or below the level of the 
water in the tail-race. The entire fall is thus rendered 
available at all times, whilst the ordinary wheels (for 
low falls especially) in order to be out of back-water in 
floods, often require to be placed so high as, in dry 
weather, to cause an important part of the fall to be 
wasted in the tail-race. 

5th. The number of revolutions it makes per minute 
is such that the sjjeed required for driving machinery 
can usually be obtained direct, or with a single pair of 
small wheels in lieu of the heavy intermediate gearing 
needed with the ordinary water-wheel. 

6lh. Prom its small size it can be employed in many 
situations where the cumbrous vertical wheel is not 
available. 

Amongst the turbines generally used on the conti- 
nent, and which have been introduced to some extent 
in this country, those invented by Foumeyron (in 
which the water is admitted to the central part of the 
wheel and passes out of the circumference) and by 
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Jonyal or Fontaine (where the flow is in a direction 
parallel with the axis), are the best in principle, and 
have attained the highest efficiency, 

TAe Vortex Turbine or Wafer-W/'eel.—The "Vortei" 
is an iniproved form of turbine, the Invention of Pro- 
fessor James Thomson, and has been manufactured for 
many years by Williamson Brothers, who are now aole 
licensed makers. During this time it has been brought 
into moat extensive use for a great variety of purposes 
in all parts of this country and abroad. It has been 
applied on falls ranging from 3 ft. to 400 ft. Its supe- 
riority as a means of applying water-power has been 
generally recognised by those who have had experience 
of its working, 

The Vortex consists of a movable wheel with radiat- 
ing vanea, which revolves upon a pivot, nnd is sur- 
rounded by an annular case, closed externally, but 
having towards its internal circumference four curved 
guide passages. The water is admitted by one or more 
pipes to this case, and issuing through the guide pas- 
sages, acts against the vanes of the wheel, which is 
thus driven round at a velocity proportionate to the 
height of fall. The water having expended ita force, 
passes out at the centre, and below the case. 

The advantages of the Vortex wheel or inward flow 
turbine over other forma of turbine have been stated 
by the late Professor Rankine to be due to the follow- 
ing four circumstances :■ — 

I. — Ita discharging water near the centre of the 
wheel. 

II. — The action of centrifugal force in regulating 
the pressure of the water within the wheel. 

III. — The mode of varying the supply of water 
when required. 
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IV. — The action of centrifugal force in regulating 
the speed. 

I.-^— The advantage of discharging the water near 
the centre of the wheel is of the following kind: In 
every form of turbine a whirKng motion is given to the 
particles of water before they begin to drive the wheel, 
and the efficiency of the turbine depends on the com- 
pleteness with which that whirKng motion is taken 
away from those particles during the action on the 
wheel. By discharging the water from a part of tbe 
wheel whose motion is comparatively slow, the practical 
fulfilment of that condition is rendered more easy and 
certain. 

H. — The action of centrifugal force in tbe regulation 
of the pressure within the wheel is of the following 
kind : It is favourable to economy of power that the 
effective pressure of the water immediately after enter- 
ing the wheel should bear a certain definite proportion 
to the effective pressure in the supply-chamber not 
differing much in any case from one-half. The cen- 
trifugal force of the water which whirls along with the 
vortex wheel tends to preserve at its circumference the 
very pressure which is most favourable to economy of 
power ; and the centrifugal force of the two discs of 
water contained between the wheel and the two shields 
or covers of the wheel-chamber prevents that pressure 
from making the water leak out between the wheel and 
the casing, 

III, — The action of centrifugal speed is as follows : 
Should the load be suddenly diminished and the wheel 
begin to revolve too fast, the centrifugal force of the 
water whirling along with it increases and opposes the 
entrance of water fro!n the supply chamber ; on the 
other hand, should the load be suddenly increased and 
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the wheel begin to revolve too slowly, the ceutrilugal 
force of the water whirling along with it diminiahea 
and allows more water to enter from the supply- 
chamber ; and thus sudden variations of the load are 
prevented from causing excessive fluctuations of speed 
— the whirling water acting as a governor. In outward- 
flow turbines, the centrifugal force of the water acts in 
a contrary way and tends to increase the fluctuation of 
speed. In parallel-flow turbines it has no sensible 
action of either kind. 

IV. — The advantage of the mode of varying the 
supply of water to the vortex wheel by means of mov- 
able guide-bladea turning about their inner ends, is of 
special importance, and consists in this, that how small 
soever the supply of water may be made the passages 
through which it flows are always of a smooth and 
continuous form, and free from enlargements and from 
sudden contractions or throttlings; which causes of 
waste of power can never be wholly avoided when the 
supply is regulated by sluices or slide valves. 

The construction of the vortex and the mode in 
which the water is applied in it, will be readily under- 
stood by reference to Figs. 1 and 2. 

The vortex represented in Fig. 1 is shown with the 
cover removed. Fig. 2 shows the case complete, as it 
is usually placed at the bottom of the fall. A is the 
revolving wheel keyed on the shaft c, b one of the 
guide-blades, d the bell-cranks and shafts connecting 
the guide-blades with the outside bell-cranks and 
coupling-rods e, r guide-blades gear, g bracket and 
screw for raising the pivot (the pivot cannot be seen 
in the sketch), h wheel-cover, and i supply-pipe by 
which the water enters the case. 

In Fig. 3 the vortex is sbown in position, atcn.'a^iti. 
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verticallvi with part of the full acting by auction. It 
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above the tail water. The water after it leaves the 

vortex paiaes by two pipes mto the tail race and by 

suction ' m these pipes the fall below the wheel is 

utiliaed The vortex stands upon two b^anis placed 




Pig 3 



across the pit or well leading to the tail-race. The 
fihaft is horizontal and pdaaes through stuffing-boxes in 
the bend of the suction pipea. The power is taken 
from the pulley which is shown upon tha a\i'aSS.. 
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In the engraving a portion of the pen-trough is 
represented aa broken away, ho that the cast-iron 
strainer plates, which are used to prevent the entrance 
of stones, sticks, &c., into the turbine, may be seen. 

Messrs. "Williamson Brothers have erected one ot 
these vortex turbines at the Homescale Farm, Old 
Hutton, near Kendal, for W. E. Maude, Eaq., who 
writes as follows : — 

" The turbine-wheel you have made and erected for 
me is in constant use, and fully answers the purpose 
for which it was intended. I may also add that the 
shafting and all the agricultural implements, thresh- 
ing machine, winnowing- machine, straw-cutter, cake- 
crusher, and turnip -pulper, which you have attached 
to the turbine-wheel, work satisfactorily all together. 
A circular saw is being attached. 

" The wheel, which is 10 ina. in diameter, and driven 
by a 30 ft. column of water, confined in a 9-in. pipe, is, 
in the opinion of Mr. Knowles, who manages the farm, 
equal to the united force of eight farm horses. The 
threshing-machine alone required four good horses last 
year. 

"Wherever a small stream of water or reservoir, 
coupled with 20 to 30 ft. fall, can be obtained, I think 
turbines may be applied with great advantage for 
agricultural purposes, being very simple and always 
ready, whereas steam-engines require an attendant 
possessing some mochanical knowledge, coal, and pro- 
bably more repairs than the beautiful adaptation of 
water-power in question." 

Fig. 4 represents a 5-horse power turbine with a 
full of 16 feet, with adjustable blades. It is working 
a 4-horse ptiwer threshing-machine direct from the 
pulley on the turbine- spindle. The turbine- spindle is 
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running at 300 revolutions, and the drum-spiudle of 
tlie threshing- machine at 1,000 revolutions, per minute. 
There is no loss of power by intennediate gearing. 
The drum of the threshing-machine is .36 inches long, 
and the grain is once dressed after being threshed. 
The turbine suppKea a surplus of water, and, without 
increasing it, elevators or corn creeps may safely be 
added ; as, when the guide-blades are opened to their 
fullest extent, the turbine will yield 6j-horse power. 
In dry weather, when very little water can be ob- 
( tained, by closing the guide-blades it is possible to use 
to advantage all that there is ; and root pulper, chaff- 
cutters, &c., may at any time be worked off the barn- 
shaft without more water than is actually required to 
do the work being used. 

If our engraving had illustrated a turbine with 150 
feet fall, the turbine and pipes would have been very 
much reduced iu size, as only about -jV of the water 
would have been required to do the same work. Under 
any circumstances, the speed of the spindle of the 
turbine for ordinary farm purposes is such, that it may 
be connected direct by belt either to the line-shaft in 
the barn or to the drum-shaft on the threshing-machine. 
Wafer- EngiiU'S. — Bailey's water-motor is one of the 
most economical types of water-engine ever invented, 
as every drop of water exerts force. Actual experience 

I at high pressures demonstrates that it is possible to 
obtain 86 per cent, duty with these motors. 
The water-pressure engines have no valves, cocks, 
springs, or other delicate machinery liable to derange- 
ment. 
Bailey's water-motor, as shown in the engraving, ia 
nsed in the stables of Sir H, Huasey Vivian, Bart,, 
II. P., at Swansea ; and also in Major Beat's stables at 
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LlangoUeo, for chaff-cutting, oat-bruieing, pumping 
water, and other purposea. 
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These motors, if specially ordered, will do for either 
ateam or water. 

* It will be obvious tiiat at half 46 lbs. preasura, that balf the 

Crer will bo doTeloped, in other word^, the lower the preaaure ia, the 
gar will be the motor reqaind. 
t An air vesael on Ihe inlet preveota vibration and ii 




The mechanical action of steam is usually accomplished 
by a piaton moviug in a cylinder. The cylinder is a 
tube in moat cases of greater length than the proportion 
of ita diameter. 

The piaton is a plug fitted accurately to the bore of 
the cylinder, not so tightly as to prevent ita being 
easily slid from one end of the cylinder to the other, 
yet BufBciently so as to prevent the passage of steam 
between it and the side of the cylinder. 

Attached to the piston on one side in ita centre ia a 
circular rod accurately turned from end to end, called 
the piston-rod. 

Each end of the cylinder is closed by lids, through 
one of which the piaton-rod passes ; this is kept per- 
fectly ateam-tight hy a packing of hemp soaked in oil 
and tallow. 

A blast of steam being admitted on one side, the 
piston is forced onwards to the other end, and a similar 
blast being admitted on that aide (and the means of 
escape being opened on the other), the piston is then 
pushed back to its former position ; thus the primary 
power produced by steam-power is an alternate motion 
backwards and forwards in a straight line ; but by an 
infinite number of well-known mechunlcal contrivances. 
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this alternate motion may be made to produce any 
other kind of motion that may be desired ; thus, we 
may make it keep a wheel in constant rotation, or move 
a weight continually in the same straight line, and in 
the same direction. The various details by which 
these objects are effected> and which constitute the 
working parts of the engine> we will now proceed to 
describe separately. 

First, the means by which steam is admitted into 
and allowed to escape from the cylinder. This re- 
quires two apertures to be made at each end of the 
cylinder, one for the admission, and the other for the 
escape, of the steam ; the first must have a communi- 
cation with the boiler, and the latter with the vessel 
where the steam is condensed, as in condensing engines, 
or into the atmosphere, where it escapes, as in high- 
pressure engines. 

These apertures> or steam-ports, must of necessity 
require to be alternately opened or shut, which is done 
by contrivances called puppet-valves — those which 
open a communication with the boiler being called 
steam- valves, and those which open the communication 
with the condenser are called exhaust- valves. 

These valves are conical discs, fitting lightly into 
holes, from which they are lifted or drawn, and to 
which they return "alternately : they are made of gun- 
metal, with their faces ground so as to fit with the 
greatest precision. 

In lieu of these valves an arrangement is often made 
for effecting the same end by what are called slides. 
The two openings to the cylinder in this case being 
ground to a flat surface, upon these two plates or 
discs, also ground to a true surface, pass backwards 
and forwards, thus covering or uncovering by pairs 
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the Openings for the admisaion or escape of the 
steam. 

The manner in which these valvee act is thus : Sup- 
posing the cylinder to be placed in a vertical position 
(which it is not always), when the piston arriTes at 
the top of the cylinder, two valTes, the upper steam* 
valve and the lower exhaust- valve, are required to be 
opened, and at the same moment the two other valves, 
the lower steam-valve and upper exhaust- valve, must 
be closed. Nov, as all these movements are simul- 
taneous, it may be 
easily imagined that 
the four valves may be 
so connected that a 
single movement im- 
parted to them should 
open one pair and close 
the other. 

When the piston ar- 
rives at the bottom of 
the cylinder, a single 
motion in the contrary 





direction will evidently effect the object to be attained, 
that is to say, to open the lower steam- valve and upper 
exhaust-valve, and close the upper steam-valve and 
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lower ezhanst-valve. This will be better understood 
by reference to Figs, 6 and 7, 

Ts render the engine self-acting, some contrivance 
must be adopted by which these valves will be regu- 
larly opened or shut by the action of some part of the 
engine itself. 

The means generally adopted for opening and shut- 
ting valves and working slides is by what is called an 
eccentric, as seen in Fig. 8. 

This consists of a circular plate of metal, a a, fixed 



upon a shall:, e, at some distance from its geometrical 
centre. Round this eccentric point it is made to 
revolve, and in revolving it is evident that its geo- 
metrical centre revolving round its centre of motion 
will be thrown alternately to the right and left of such 
centre. 

Round this circular disc is placed a ring, d, within 
which it is at liberty to turn, but not to turn the ring 
with it ; the ring will consequently be thrown alter- 
nately to the left and right of the centre on which the 
eccentric plate is made to turn, and the throw or 
length of its play right and left will be equal to twice 
the distance of the geometrical centre of the disc to the 
centre on which it actually turns. To this ring is 
attached a bar, b. 
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As the centre is thrown alternately right and left of 
p by the revolution of the disc, the point e receives a 
horizontal motion, right and left, to a like extent. The 
motion is transmitted by means of the levers, g ff,to 
the slides of the cylinder by the mechanical arrange- 
ment shown in the cut. 

With whatever force the piston be impelled, the 
effects of that force will be augmented just in propor- 
tion to the amount of vacuum produced in that part of 
the cylinder towards which the piston is pressing. 
Now, if one cubic foot of steam he reconverted into 
cold water, it will be reduced to one cubic inch of 
liquid, and wc shall get the entire cubic foot (minus 
one inch) of vacuum, and therefore for every cubic foot 
of steam in the cylinder, we shall have a cubic foot of 
vacuum, minus one cubic inch. It is this advantage 
that is sought to be obtained by using what are called 
condensing engines, and it is to the genius of Watt 
that the great difficulty of condensing the steam with- 
out cooling the cylinder has been overcome ; for 
previous to his time (1763), the steam was condensed 
in the steam cylinder, which was consequently cooled 
down at every stroke of the engine. Watt's invention 
consisted in the producing an almost perfect vacuum 
without in the slightest degree lowering the tempe- 
rature of the steam cylinder, and this he effected by 
placing near the cylinder another vessel submerged in 
cold water, and having a jet of cold water constantly 
playing within it. Whenever he desired to condense 
the steam in the cylinder, he opened the communica- 
tion by a valve between this vessel and the cylinder, 
and immediately the steam, by its elastic force, rushed 
into this vessel and was instantly condensed, leaving in 
the cylinder an almost perfect vacuum, and at the 
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same tine cixposing the cylinder to no cold which could 
in the slightest degree lower its temperature. 

Now, the second veaael, or condenser, would in time 
become filled with water from the jet, and condensed 
steam, as well aB air, which would enter in a (iKed 
form in the water, and which would bo liberated by 
the warmth of the steam condensed by the wat«r. 
This air would, to a considerable extent,' vitiate the 
vacuum in the condenser. These impedimenta were 
surmounted by the adjunct of a pump to the condenser, 
by which the water supplied by the jet and the con- 
densed steam, as well as air, were constantly pumped 
out by an apparatus called the air-pump. 

To prevent the water surrounding the condenser 
from becoming warm, there is placed a pump and 
waste-pipe — the pump for supplying cold water, which, 
by its superior gravity, sinks to the bottom of the 
cistern, and the waate-pipe to carry off the warm water, 
which, being lighter, rises to the top. 

Having, by the means which we have described, 
produced a continual self-acting reciprocating action 
of the piston, the next thing is to apply that motion to 
the machinery required to be moved, and this is done 
by attaching it at once to a beam, called the working 
beam : this is supported on a fixed axis, and alternately 
vibrates upwards and downwards as it is moved by the 
action of the piston through the piston-rod. 

Now, it is evident that the ends of the beam to 
which the piston would be attached could not move 
upwards and downwards in a straight line (as the 
piston-rod does), but must describe the arc of a circle, 
whose centre would be the axis upon which the beam 
vibrates. 

The piston-rod, as we have before described, is an 



22 BARN IMPLEMENTS ANTI MACHINES. 

accurately turned bar of iron, working through the 
centre of the cylinder- cover, and kept securely in that 
poBition by the packing in the atnffing-box, and unable 
to swerve to the right or to the left ; consequently, if 
the head of the piston-rod was fastened to the end of 
the beam, it would be strained and bent by the motion 
of the beam. To remedy this inconvenience, it is 
necessary to place between the end of the beam and 
the top of the piston-rod a piece of mechanism called 
the parallel motion, which accommodates the curvili- 
near motion of the one to the rectilinear motion of the 
other. This ie formed in a variety of ways ; but the 
most common is the arrangement invented and used by 
Mr. Watt, and is considered one of his brightest 
thoughts. It is a continuation of rods, so arranged 
and joined together that while one of thoir pivots is 
moved alternately in a circular arc, like the end of the 
beam, some point upon them will be moved alternately 
upwards and downwards in a straight line. This will 
be readily understood by reference to the plate. 

As nearly all motions that are required for driving 
the machinery of mills are effected by the constant 
turning of a wheel upon a shaft, it is necessary now to 
convert this reciprocating motion in a straight line, to 
which we have now arrived, into, as nearly as possible, 
a continually acting rotatory one, and this is generally 
effected by another invention of Watt's, called a crank. 
This is an application of the ancient method of givin,, 
motion to the potter's hitho, the original inventor oi 
which ie unknown, and even the era of its introduction, 

The crank is an arm attached generally to the centre 
of the wheel, which it turns in the same manner as the 
motion is imparted to a winch or windlass — a thing of 
such common application, that it can require no 
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description here. As a matter of convenience, in those 
engines worked with a beam, there is interposed 
between the end of the beam and the (rrank a strongly 
formed bar of iron called the connecting-rod. 

Having by the means we have briefly deseribod now 
got a self-acting machine ready to apply to any purpoao 
required, there remains only one other point necessary 
to be attended to — and that is of considerable im- 
portance — being the means by which the power we 
have got may be kept within bounds, when inclined to 
exert itself too much, or stimulated when inclined to 
flag ; and it would be continually falling into the one 
error or the other, however well the machinery might 
be constructed, as the work it was employed to do might 
increase or decrease iu load upon it. To remedy this 
defect, Mr. "Watt adopted an ingenious contrivance 
■which is now called the governor, shown in Fig. 9, 

A similar irregularity to the one we have described, 
occurred in the motion of corn-mills, from the varying 
quantity of water or resistance. It had early exer- 
cised the ingenuity of millwrights to obtain some means 
by which its injurious effects could be obviated, and 
the means they adopted was attaching a couple of heavy 
balls to a jointed rod. These balls were made to revolve 
by being connected with the spindle or axis of the mill- 
ruuner, and the apparatus was called a lift-tenter. The 
centrifugal force of these balls when in motion either 
raised or lowered a stage in which the arbor of the 
spindle revolved, and brought the atones nearer, or 
removed them farther from, each other, as they might 
require to be adjusted. This most ingenious regulator 
Mr, Watt applied to regulate the opening and shutting 
of thethrottle-valvoof the steam-engine. Fig- 9 shows 
the manner in which this is effected. 1 1 are two balla 
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'ater equal to that evaporated and coQGumed by the 
engine in the ehape of steam, it is usual to employ the 
■power of the engine to work pumpa for that purpose. 
la condensing engines water is supplied to the boiler 
ifrom the condenser, extracted by the action of the air- 
pump, as this water is considerably warmer than that 
4rawn direct from the original source, and ia of course 
■R saving of so much heat. 

As this supply of water requires to be merely regu- 
lated, a self-acting apparatus is attached to the boiler, 
but this arrangement is only applicable to low-pressure 
boilers, as the column of water or head would require 
to be inconveniently high to overcome the great pres- 
Bure of the steam in the latter case. Therefore forcing 
or feed-pumps are attached to the engine and an 
«rrangement made by which the driver can regulate 
the quantity supplied. 

Formerly it was commonly thought that if water 
■were heated nearly boiling hot it would save nearly 
the whole coal ; but now everybody knows that the 
principal absorption of heat in turning water into 
•team is not providing (he sensible heat which goes to 
make water feci hot, but in imparting the latent heat 
Required to convert the liquid into a vaporous con- 
aition. 

Steam Boilers. — But those who employ or are about 
lo employ steam-engines should possess some know- 
ledge of the boilers, for the generation of steam to 
•apply these engiuea is of the 6rst importance. Farmers 
yriil readily understand this when they consider that it 
U the boiler that will more resemble the horse than the 
^gine, for it ia the boiler that has to be fed with fuel, 

F'■^d whose goodness or badness will render the applica- 
on of steam-power econoraical or the reverse ; it is 
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the boiler that will require the more Bpecial care of 
its Buperintendent, and whict will soonest show the 
effect of bad treatment ; and it is this same boilor that 
constitutes all the danger of tiairtg ateam-power, for if 
an improper one, or a bad one, its owner may be in- 
formed of the fact by a terrible exploHion. 

The boiler is tho real toat of the power of any 
engine. The evaporative power of the boiler and the 
strength of the boiler limit the power of the engine. 
The size of the cylinder (within reasonable limits) has 
positively nothing to do with the power that an engine 
can exert. 

" The best makers give 20 ft. of heating aurface for 
each nominal horso-power, or 200 ft. to a lO-borse 
engine ; and they would put on to it a 10-in. cylinder. 
Some makers, however, instead of giving 200 ft., would 
only give 140, or 130, or 120, and aome even as low 
aa 100 ft. of 'heating' surface for a lO-horse engine, 
and yet they will put the same sized cylinder (10-in.) 
on to these small boilers. 

" Suppose then a farmer, knowing nothing about 
engines, bought from one of these unscrupulous makers 
a machine called a ' lO-horse engine,' with a 10-in. 
cylinder, and 120 ft. of beating surface in the boiler, 
and suppose the price was £3 or £10 less than the 
price of a lO-horse engine by one of the best makers, 
he would think he bad done a clever thing ; yet the 
engine he had bought would only do as much work 
as a 6-borse engine by a first-class maker," 

It would be well, therefore, if purchasers and manu- 
facturers would describe engines exactly according 
to their actual — not nominal — horae-power. A horse- 
power, as every one knows, was settled by "Watt to be 
equivalent to 33,000 lbs. lifted one foot high per 
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minute ; and thia is the real and only standard. If, 
then, a manufacturer declares his engines to be 10- 
horse power, it ought to be ablo to raise 300,000 lbs, 
(about 150 tons) through a foot in a minute of time, 
or, what is precisely the aamo thing, one ton through 
150 ft., or I cwt. through twenty times that distance, 
or 3,000 ft. 

The construction of the boiler, and the neceaaary 
strength it should have given to it, must be left to the 
maker, but it would always be well if the farmer 
required a written guarantee when he purchased it 
that it has been proved to a certain pressure without 
showing symptoms of any weakness ; but the fact of its 
having been thus teated must not induce those who 
use it to neglect any precaution for safely working it ; 
for the tensile strain that good wrought iron is capable 
of undergoing without rupture is so enormous that it 
will rarely give way to pressure fairly applied, as it is 
in the usual manner of testing, yet sometimes they 
explode the first time they have been used after having 
been so tested. 

There are only two ways in which a boiler can be 
caused to explode, or as it ia commonly called, burst. 
One is by gradually increasing the power of the ateam 
in the ordinary way. It having no means of egress 
from the boiler it gradually increases until the plates 
and rivets are no longer able to bear it ; a rupture of 
the weakest part must of course then take place. The 
other is when, from any cause, so sudden an increase of 
pressure takes place that the ordinary means provided 
for its liberation {as the safety-valves, &c.) are unable 
to act in a sufficiently rapid manner to prevent the 
strain the boiler ia required (though only for a moment) 
to bear ; it is to this last cause that moat explosions ate 
c3 
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due ; and the greatest care must be taken to prevent 
the circumstances arising which produce 8Uoh terrible 
diaasters. 

If burnt boilers and boiler explosions are to be 
prevented, it ia necessary that the proper level of the 
water in the boiler should be cautiously maintained, 
and especially that any lowering thereof, by neglect or 
accident, should not only bo indicated, but remedied at 
once. This is an office that 
ia fulfilled automatically by 
Bailey's (Ashcroft's patent) 
. I Low-water Detector and Alarm 

|^,jw (Fig- 10)> which, in its opera- 

Ww^^l tion, is independent of me- 

^,^3B| I, chanism, of valves, springs, 

floats, cranks, or other moving 
parts, being efficient and reli- 
able solely through the natural 
effects of beat and gravitation. 
Its action depends entirely on a 
fusible plug, made of metal 
or alloy, which molts at the 
boiling point of water, or the 
ordinary temperature of steam, under the pressure of 
one atmosphere, i.e. at 212 deg. F. This fasihle disc 
ia ao placed, that under the usual conditions it is acces- 
sible only to water having a temperature below its 
melting point ; and whenever the water in the boiler 
falls below the proper level, immediate access is given 
to the steam, which at once melts the plugs and 
escapes, blowing the whistle, and sounding an alarm. 
This useful appliance has also a metal tube connected 
to the boiler by a atop-valve (this always being locked 
when open), and carrying an air-chamber with a half- 
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Fig. 10. 
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inch fusible disc, secured to its seat by an union with a 
whistle on its Btem, and capable of bearing a preseure 
of250Iba. 

The fusible plug has been applied in many other 
ways, but with the disadvantage of complete emptying 
of the boiler when requiring renewal — a manifest 
drawback to general use, and an objection to which 
the arrangement here shown is not liable, as by closing 
the connecting cock — accessible only with the key — 
and unscrewing the whistle and union joint, a fresh disc 
can be put in the seating, without emptying the boiler ; 
and until this be done the whistle will continue to be 
sounded by the escaping steam. Thus not only ia 
accident or injury prevented, but neglect infallibly 
detected by the principal or hia representative keeping 
the key. 

"Expanding" Sieani-JEtigmes, — "No farmer nowa- 
days ought to buy any other engine than an ' expand- 
ing ' engine, one in which, by means of a separate cut- 
off slide, the expansive power of the steam oan be 
utilised. 

"The enormous additional power to be gained out 
of steam simply by allowing it to expand is quite 
astonishing. An ordinary low-pressuro farm engine is 
usually worked with about 50 lbs. on the safety-valve, 
and the slide-valve is so arranged in moat of them that 
it does not shut off the steam until about |tha of the 
stroke has been completed. Now, if a cubic foot of 
water be raised into steam at tbat pressure, and be 
passed through such an engine, it would raise 
3,312,288 lbs. 1 ft, high, if there were no waste and 
no friction. But if, instead of cutting off only at 
|tha of the stroke, we arrange our engine with a 
separate cut-off slide, which allows us to shut off the 
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supply of Bteam when only one-third of the stroke is 
made, then n cubic ft. of water raised into steam 
at the samo pressure (50 lbs. above the atmosphere), 
and passed through such an engine, would raise 
5,558,400 lbs. 1 ft. high, if there were no waste and 
no friction. But, suppose agiiin, instead of limiting 
ourselves to 60 lbs. pressure we make a boiler that will 
bear 120 lbs. on the safety-valve, and instead of cutting 
off at one-third suppose wo cut off at one-sixth of the 
stroke, then a cubic ft. of water raised into steam at 
that pressure {120 lbs.), and passed through such an 
engine, would raise 8,438,109 lbs. 1 ft. high, if there 
were no waste and no friction. 

" It is well known that the quantity of coal requisite 
to turn a cubic ft. of wat«r into steam is as nearly as 
possible the same at all pressures. What, then, does 
this amount to P Why that the same quantity of water 
and the same quantity of coal used in an expanding 
engine will raise 8,438,109 lbs. 1 ft. high, whereas in 
one of our ordinary engines it would only raise 
3,312,288 lbs. 1 ft. high. 

" These figures, taken in the inverse ratio, represent 
the proportionate quantity of water and coal which 
each engine would require to do a certain amount of 
work. Suppose, for instance, we had a certain piece 
of work to do, which with an ordinary portable engine 
we knew took 1,000 gals, of water and 1,500 lbs. of 
coal to do, then, if we set an expanding engine to it, 
working on 120 Ibe. on the safety-valve, and cutting 
off at one-sixth of the strobe, we should only require 
392 gals, of water and 573 lbs. of coal to perform the 
same work I " 

It need scarcely be said that a boiler properly 
designed for 120 lbs. stonm, or even a higher pressure. 
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is as safe as one designed with amaUer margins of 
safety for 50 lbs, steam. The prejudices against high- 
preesure eteara-engines are happily disappearing. 

In old boilers the consumption of fuel is never less 
than 5 or 6 lbs. per effective horse-power ; but by 
working steam more expansively it has been reduced 
in improved engines to 2 lbs. Yet, comparing this 
with the total amount of energy of 2 lbs, of coal, it will 
be found that not a tenth part of the power is obtained 
which that amount of coal woiild theoretically call into 
action. The theoretical energy of 1 lb. of coal is stated 
by Sir J. Hawkahaw as follows : The proportions of 
heat expended in generating saturated steam at 212^^ 
Fabr., and at 14-7 lbs. pressure per square in., from 
water at 212^ are : — 



1. In the formntian of Btoam . . . '■ 

2. In reBJBtmg the incumbent preasure of 

11-7 Ibu. per equiiro inuli. 



One pound of "Welsh coal will thooretically evaporate 
15 lbs. of water at 212° to steam at 212"^. Therefore 
the full theoretical value of the combustion of 2 Iba. of 
Welsh coal is — 

2 X 15 X 745.0S7 foot pounds, 

horae-poTBr, if conxumed in I hour. 



2 X lo X 746,067 
SO X 33,1 

^ll-U horao-power- 



Ab the consumption of coal per effective horse-power 
in a good engine is 2 lbs., the power obtained is to the 
whole theoretical power as 1 is to 11, The average 
engine uses very much more coal. 
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Conipoirml Engines. — The example set by Meaers. 
R. Garrett and Sone at Carlisle in 1880 is being fol- 
lowed by many other makers of agricultural engines, 
who are now turning out compound engines. 

The judges in their report to the Eoyal Agricultural 
Society in 1880 say, " The higher the boiler pressure 
the earlier the steam may be cut off with advantage, 
and the greater the economy resulting from expansion. 
The gear, however, necessary for great expansion ia a 
single cylinder is always complicated in its details, it 
easily gets out of adjustment, and it is rarely equal ia 
its action at both ends of the cylinder. The compound 
engine with the addition of an extra cylinder enables 
UB to get all the expansion which we desire with simple 
valve gear, and the losses from cooling aro further 
neutralised by dividing the extreme range of tempera- 
ture between two cylinders. The steam ia admitted 
first to the amaU high-pressure cylinder to do work 
against its piston, and thence is exhausted at a medium 
pressure, then does about an equal amount of work 
again in the low-pressure cylinder of a larger diameter, 
being finally exhausted into the open air at a pressure 
slightly above that of the atmosphere. The general 
result is that by adding a small amount to the cylinder- 
weight of extra piaton, a slide-valve, and other gear of 
a simple character, we can do the same work as before 
with considerably less steam ; and as the steam produced 
in a given boiler is proportionate to the coal which 
provides the heat for producing it, the coal used, as 
well as the feed-water required, are reduced in exactly 
the same proportions. 

" The most convenient sized engine for almost any 
sized farm would be anS-horse boiler (160 square ft. of 
Seating surface) with two 6-horfiG cylinders (8 in. 
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tliamet«r), fitted with separate expansive slides and a 
coupling on the crank-shaft. Such an engine would do 
as mnch work if wanted as could be got out of a 
nominal 20-horse engine of the usual non-expanding 
pattern, and yet by uncoupling one cylinder it could 
be worked down as low as any ordinary 6-horse engine, 
It could, in fact, be made to do the wort of a single 
horse or of forty horses at pleasure, and, if a portable 
engine, it ought not to cost more than a lO-horse double 
cylinder engine of the present pattern, say about i270 ; 
or if a traction engine, then the cost would be about the 
same as a lO-horse road locomotive, say about £400," 
Stntioiiary Engines. — -Where there is much regular 




bam work, either in threshing, grinding, or food 
preparing, a small stationary engine will recommend 
itself, but it is only on large farms that fixed motive 
power ia required for driving machinery. 

For this purpose Garratt's Horizontal Fixed Steam- 
engine, with compound cylinders (¥\^, VV ^ V^^^^ Nw. 



34 



BARN IMPLEMENTS AND MACHINE} 



found very suitable. The engine and boiler are com- 
bined, and the latter may be either multitubular or 
Cornish in principle, though the multitubular boiler ia 
recommended where economy of fuel is essential, and 
also because it requires little or no fixing. 

Portable Engines. — An engine which ia merely a 
portable and not a. traction engine ia now of com- 
paratively limited value on the farm. It answers for 
threshing, and even for steam cultivating in the 
roundabout system ; but in cither of these casee it has 
moved to and fro by horses, and for all other 
purposes it may as well be a stationary engine. 
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Fig 12 la an illustration of. Garrett's Compound 
Portable Engine 

Vertical Engutes. — For light work the old horizontal 



^ 



3G BARN IMPf.EMENTS AND 

time and expense in fixing and greater economy in fuel. 
They are alao cheaper in first cost, and less expenaiye 
to feed and maintain. 

One of Raasome, Head, and Jefieries' Vertical Steam- 
engines, with Cochrane's Patent Multitubular Vertical 
Boiler, is shown in Fig. 13. These engines are espe- 
cially economical in consumption of fuel, being fitted 
with a number of tubes similar to the boilers of loco- 
motive or portable engines, thus largely increasing the 
heating surface and preventing waste of heat directly 
up the chimney; they consequently generate eteara 
rapidly with great economy of ftiel, and are recom- 
mended where fuel is scarce and expensive. The tubes 
are perfectly easy of access for cleaning and repairs, 
both inside and outside. The engine and boiler are 
mounted on a strong cast-iron bed-plate, which forms 
an ash-pan and also a tank for the foed-water. The 
boiler ia fitted with double safety-valves, steam pressure- 
gauge, glass water-gauge, two gauge-cocks, blow-off 
cock, and usual firing tools and accessories. The 
engine is mounted on wheels when required. 

At the Yoik show of the Royal Agricultural Society, 
in July last, Messrs. Eichea and Watts, of Norwich, 
exhibited an engine of this class, which attracted a good 
deal of attention. This was a compound condensing 
engine with boiler combined. Fig. 14 is an illuatration. 
The cylinders are as shown, " tandem," with the small 
cylinder at top, fitted with an intermediate stuffing- 
box, of a form which the makers have used for ordi- 
nary inverted cylinders for thirty years. The valves 
are simple three-ported ones, worked from an eccentric 
on either side of the crank-throw, the arrangement 
being very simple and easy to get at. The air-pump 
is single-acting, and placed inside the condenser, 
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worked by gearing about one to one and a-half of engine. 
The engine can in a few minutes be converted into a 
non- condensing compound by simply disengaging the 
exhaust pipe and 
fixing another pipe 
that leads the ex- 
haust into the chim- 
ney, in case the 
supply of water 
failed at any time. 
The feed - pump is 
worked from an ec- 
centric cast on the 
same cog-wheel 
which works the air- 
pump and f eeda from 
the hot -well on top 
of condenBer. 

The engine exhi- 
bited was of 4-hor8e ' 
power nominal, 
working to 12-hor8e 
power indicated, 
with a consumption 
of fuel, we are informed, of about 3^ lbs. per indicated 
horse-power per hour. 

Agricultural Locomotive Engines. — For working 
threshing machinery, for steam cultivation, sawing, 
pumping, &c., for removing agricultui'al produce, and 
in fact for all purposes to which steam can be applied 
as a motive power in farm work, the agricultural 
I locomotive is far better adapted than a mere portable 
[ engine. 

Fig. 15 is an engraving of one of Ransome, Head, 
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ind Jefferies' agricultural locomotive enginee, Theae 
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power, and are arranged to travel at two different 
speeds, -viz., about 1^ and 3 milea per hour. 

They are constructed from the newest designs, and 
the general arrangement is the result of a long and 
varied experience with this class of machinery. 

A winding drum working on the main axle can be 
fitted to these engines; and by means of a wire rope 
the whole power of the engine can be brought to bear 
upon the threshing machine, so as to draw it out of 
any extra difficult situation while the engine remaine 
stationary. This is an extremely useful addition, 
as all those who are accustomed to them will see 
at once. 

These engines can be fitted with double slides when 
required, so as to make full use of the expansive power 
of the steam. They can also be fitted with a new 
patent automatic governor, acting direct on the second 
expansion -slide by means of a Kuk motion. This is a 
very valuable arrangement when an engine is required 
to drive machinery in which the load is constantly 
varying, at one time taking the full power of the engine 
and at others but a small portion of it, Por sawing 
machinery, crushing- mills, &c., it is very useful, as 
only the exact amount of steam required at each instant 
is admitted into the eyhuder, and a perfectly uniform 
speed is always maintained. 

The Sutherland engine (Fig. 16) is a 4-horse-power 
locomotive, designed by Messrs. Fowler and Go, to 
supply a want which has long been felt by the users of 
our heavier engines for agricultural purposes. While 
the heavy engines have been proved to do the heavier 
work economically, they have been found badly 
adapted for the lighter operations, such as rolling, 
reaping, and carting on the farm ; and hence the neces- 
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Bity has arisen to keep a larger number of torses than 
is consistent with a good system of steam culture. 




It is a patented combination of parts sn table for the 
purposes juet mentioned, and has proved a complete 
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It will pull 6 tons on the road ; it will reap 
3 acres per hour; it will roll 30 acres per day; it can be 
■Qsed for pulling a three-furrow plough on level sandy 
land ; it will pull home the turnips and corn, and take 
out the dung without injury to the land ; it will driTa 
a thrOBher, grinder, chaffer, and pulper. To convert it 
into a land roller, a seriea of widening ringa are 
attached to tlie hind wheels, and a roller of auffioient 
width to cover the space between the hind wheels takes 
the place of the fore wheels. The engine will then roll 
a breadth of from 8 to 10 feet. When used as a reaper, 
a knife-bar and delivery reel driven off the crank- 
shaft, are made to project from behind the traction 
wheel without disengaging the roller rings. The reap- 
ing and rolling in this way are secured by one opera- 
tion. This engine is capable of going over any land, 
however soft, without injury. 

Slraic-bunii'ng Engines. — In field threshing by steam 
power, it is of the utmost importance, in countries 
where coal and wood are scarce and dear, that the 
engine employed should be one constructed to burn 
straw and other vegetable refuse. Fig. 17 is a section 
showing the working of B. Garrett and Sons' portable 
straw burning engine. 

The straw is introduced by means of a fork in light 
parcels or wisps, where it is thoroughly dried before 
ignition, and each wisp is pushed forward by its suc- 
cessor into the fire-grate, where combustion instanta- 
neously takes place ; great economy of fuel is effected 
by the perfect drying of the straw above described, and 
also and consequently great ease of stoking, which is 
greatly enhanced by the perfect readiness of access to 
the grate and the tubes of the boiler, through the 
hopper and the ordinary fire-door placed above it. 
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Every engine of this class is provided with an ordinary 
fire-door for burning coal in addition to the hopper for 
straw-burning, as also with a set of the ordinary fire- 
bars and suitable bearers, and as the grata area is 
contracted, as shown in sectional view, by means of the 
patent combustion chamber, to the dimensions adopted 
for ordinary coal-burning boilers, whilst the heating 
surface is increased, and the combustion of the gases is 
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more perfect, it follows that the straw-burning boilers 
are the more economical in the consumption of coal, 
whilst in respect of weight and portability the disad- 
vantages are not material. 

Many experiments have been tried as to the com- 
parative values of straw and coal for fuel purposes in 
threshing by steam. These trials have demonstrated 
3*25 to 3'75 lbs. of average dry wheat straw will 
evaporate the same amount of water in the same time 
as 1 lb. of good eoal in the most modem boiler. 

The amount of straw grown per acre varies very 
much, but in England the average may be taken at 
30 cwt. per acre for wheat straw, or say 3,300 lbs. 
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per acre, and ia worth about SOa. per ton on the farm. 
Consequently, the value of straw produced per acre 
would be about 44a. 

Now, if we take the value of 1 ton of coal, at the 
farm, in England, at about 20s-, and admit the propor- 
tion of 3'50 lbs. of straw to 1 lb. of coal, we shall 
arrive at the following conclusion : 3,300 lbs. coat about 
448. equals 943 lbs. of coal, cost 8b, 6d. From this 
comparison we find that the commercial value of straw 
in proportion to coal is about as one to five. It must 
not be supposed, however, that this comparison ia 
applicable to every district. There are countriea where 
the straw ia of no value except for fuel, and districts 
where coal could hardly be obtained at any price. 

The average proportion of calorific eSect found by 
practice to exist between coal and other products uaed 
as fuel on the farm ia, according to experiments con- 
ducted by Mr, Head, of Ransomea, Head, and Jefferiea, 
as follows ; — 

1 lb. of good coal wiE otapomto 8 lbs. of water in an ordinary 

tubular boiler. 

2 ItM. of dry ptat will evapotute 8 lbs. of water in an ordinary 

tubnlar boiler, 
a-2S to 2-30 lbs, of dry wood will ovaporats 8 lbs. of water in 

an oidinaiy tubular boiler. 
2-75 to 3 lbs. of cotton atalka or bniahwood will eTaporate 8 lbs. 

of water in an ordinary tubular boilor. 
3-26 to 3*76 Iba of wheat or barley-straw will ovaporato 8 Iba. 

of water in an ordinary tubular boiler. 

Various apparatus have been designed for arresting 
the exit of sparks in locomotive and portable engines 
which work in places surrounded with inflammable 
Bubatancea, auch as straw, brushwood, grasses, &o. 
Some consist simply of a cage or collector of the sparks, 
whilst in others water ia used in order to extinguish 
the incandescent pieces of fuel which are blown through 
the tubes into the smoke-box. 
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Fig. 18 illustrates Graham's Spark Arrester, now 
being applied by Messrs. B. Garrett and Sons to their 
portable engines. It is thoroughly efficient and re- 
liable, the parts being so proportioned that, though it 
is impossible for hot sparks to find exit, the draught 




Fig. 18. 

through the fire is not appreciably reduced. The 
arrangement consists mainly of conical and annular 
boffle plates, made of light malleable iron, and fixed 
within a conical enlargement of the chimney. The 
cooled sparks which collect in the open space below the 
inverted cone are from time to time removed through 
the small hand-holes made for that purpose. 
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The gas-engine ia pre-eminently a secondary power, for 
the reaBon that a portion of the latent force of the fuel 
has first to he converted into gaa, and subseijuently 
mixed with air, before it can he appKed to produce 
motive power. The loss by this method ia far greater 
than with the steam-engine, and may chiefly be sum- 
marised as follows: — 

1. The total lorn of fuel used to heat the gas retorts 
end calcine the coal from which the gas is extracted. 

2. The losa of heat generated in the cylinder of the 
gas-engine, and taken off by the flow of water sur- 
rounding it. 

3. The loaa of ■ heat after the gaa and air have 
exploded, and performed their work upon the piston of 
the engine. 

Notwithstanding, however, the greatly increased cost 
of working a gaa-engino, it is in some cases (for small- 
power engines) preferable to steam on account of its 
greater safety and cleanliness. It must also be remem- 
bered that the gas-engine will start at full power on 
the gaa being lit ; and it requires no boiler, and does 
not call for constant attendance. 

The "Ord" Patent Gas-Engine (Fig. 19) ia a mtist 
useful and economical amall-poweT eivgrnc, 
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Tho engraving and annexed letter-press will make 
,he " Ord " engine understood. 
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I, Main gas top, to lio tiirneil on full at eturtbg; n B, small gaa 
taps, tho lower one to ba tumed on about half, the upper one 
to he turned on fall at etarting, and then, when the engine 
ia worMug properly, both these tapa may be partially closed ; 
C buTDer, ioBide a hollow cone, at which gas must be lightM 
after opening b b ; d, valve, to be opened a little at itaitiDg, 
B.Dd regulated as the engine comniencea working; a, fly- 
wheel, to be pnlled brisMy round in the direction of the 
arrow ; e, gauge-cock, below which the water in tanh maat 
not ha allowed to fall ; a, cock, for letting water ont of tank 
if required. 
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Price of 
Walor 
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Two-man . 
Half-horse. . 
One-hone , 


180 
180 
160 


IJd. 


£36 
£60 
£86 
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30/ 
60/ 




Hot-air or caloric engines are very succeBsful substi- 
tutea for steam or gas-engines. As compared with 
steam-engines they have several advantages for agri- 
cultural purposes. No water is required ; no boiler ; no 
pipe connections : no skilled labour : and explosions 
■are impossible. 

The motive power in these engines is atmospheric 
air, which is forced by a pump into a hermetically 
sealed retort or generator, where it becomes heated and 
expanded. The pressure thus created is admitted to a 
cylinder, and operates a piston after the manner of a 
steam-engine. The heated air is discharged from an 
exhaust pipe, free from smoke and perfectly invisible. 
By a governor arrangement the "cut off" can be 
regulated, and the air caused to pass more or leas 
"through the incandescent fuel, or in the space above 
the fire, so that whilst the nominal speed of the engine 
is maintained, the fuel is only consumed in direct pro- 
portion to the power being developed by the engine. 
Additional fuel is supplied from a fuel chamber at the 
top of the generator, and delivered to the fire by a 
valve, without loss of pressure or interference with 
the running of the engine. The fire can be lighted 
and the engine started to work in about half an 




viwu da v'b working. Lighta£reiaU^oi 

OQ the top of the grate bars, witlun the 

pUce a length of store pipe over the 

create a draught. When the fire is thoroughly : 

e the pipe and close all the doors a, b, c, and 
enpae is then ready for beiag startfid. To do this, it 
the eaae of a small engine, rerolre the fiy-irheel a fnt 
times; or, with a larger engine, give a few strokes d 
a hand pomp provided with the engine for thepurpoaai 
Thia Krvea to give the first charge of air to the gene- 
rator, and, a pressure heing created, the engine wiQ 
conuneDce to work, and will afterwards continue tfl 
■upply ttaelf with the nec^sary complement of air with 
Gflch stroke. Use a small quantity of tttlloic for lubri- 
cating the working surfaces of the cylinder and piston. 
Oil should not be used for this purpose, on account of 
its tendency to cake or incrustate by the heat ; but th« 
bearings and other working parts can be lubricated 
with oil in the ordinary manner. It is not necessary 
to ftsod tho generator u with fuel at very frequent 
inturvnli, nor is there any advantage in using t 
quantity beyond that stated to be necessary to produce 
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r the power required. When the work of the engine is 
I required to bo uniform throughout the day, tho time 
of feeding and amount of the charge should be regular. 
I A very short experience will enable the attendant to 
I regulate the interval and amount of feed to suit 
I circumatancBH. 

To charge the generator D, remove the door v., place 

the fuel in the opening and close the door. Turn on 

. the cock p, to allow a small quantity of the compreased 

air to pass into the fuel chamber c ; this equalises the 

pressure on both sides of a fuel valve within the 

I chamber, ao that, upon raising the chain ii the valve 

]' can descend and allow the fuel to fall upon the fire 

below. The chain can then be drawn down and the 

cock turned off, the pressure on the underside of the 

' valve retaining it firmly against its seating. When 

this is done {which need only occupy two minutes), the 

engine can be left to itself, without fear of trouble or 

explosion. 

Comparative cost of working a gas, ateam, and 
"Buekett" caloric engine respectively, as certified by 
Messrs. Field, Field, and Cotton, consulting engineers. 
Example : — A 12-horse power engine, worldng fully up 
to that power 10 hours per day for 300 working days 
per annum. 



7ai-Ensiiu. — Theliestgas-eiigiiio is stated to cc 

Z3 cubic feet of rob per horso-powar per hour, 
23X12X10X300 = 828,000 cubic f -■ -■-- 



ordinary gaa coke per horse-power per hour, 
2S X 13 X 10 X 300 = 90,000 Iba., which, at U 
cwt. per cjialdion ^ eay, .^8 chaldionB at 12b. . 31 Ifi 

Bailey'sPatentHot-airEngineSjOnLehmann'ssyster 



4 
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are also much used for power as well as pumping, aacltl 
as chaff- cutting, churning, grinding, and crushing', also I 
for pumping and power combined, and for general I 
agricultural, industrial, and domestic engineering I 

purposes. 

Fig. 21 shows one of BaQey's horizontal hot-air 1 
" Driving " engines, working a chaff-cutter. 

This engine conaiata of a cylinder closed at one end I 
by a steel pot, and at the other by a piaton. The steel | 
pot is fixed within the stove, whilst the cylinder is | 




Fig. 21. 

surrounded by a water-jacket. The engine is fitted 
with a speed -governor, which maybe adjusted by hand ] 
to vary the speed if required. Once set in motion it 
requirea no attention beyond oiling once or twice a 
day. 

The engine is kept solely at work hy the altemats 
heating and cooling of the air within the cylinder ; the 1 
air being caused to travel backwards and forwards by 
a loose-fitting piston within, which is worked by the ' 
engine from the outside by means of a piston-rod | 
passing through the front or driving piston. The a 
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being used over and over again thore is thus no 
exhaust and consequent smell of burning oils, &c,, 
and there are no valves whatever to wear out or stick 
fast, causing; expense and stoppages. 

The cooling of the front end is done by a separate 
water vessel, connected to the "jacket" by water 
circulating pipes, or a small stream of fresh water 
under pressure is run through whilst the engine is 
working. In the case of circulating pipes, the hot 
water may be stored in a barrel or tank for domestic 
use. Thus the cooling requires no special attention, 
and no water is wasted. 

The stove is provided with a roomy fireplace, holding 
enough fuel to keep the engine going from 3 to fj 
hours without stoking. The furnace will bum almost 



any combustible material convenient at hand, such as 
wood, peat, riddled cinders; coal-gas coke, however, 
being preferable, as being the moat economical fuel for 
producing and maintaining a gentle and even tempera- 
ture, which ie essential in working this esngino ; and as 
it consumes its own smoke it needs no attention during 
the intervals of firing. 

The cost of working the smaller sizes rarely exceeds 
one penny per day. 

Bailey's Caloric Pumping Engine, the "vertical" 
pattern, is shown in Fig. 22. 

This new caloric engine has a metallic piston ; the 
pump valves are easy to examine, and the number of 
working parts is reduced to a minimum, with the 
utmost simplicity of arrangement. 

These engines are used to drive existing pumping 

machinery, such as is used in irrigation and kindred 

work. They are also employed for driving chums, 

and for dairy work generally, a'n.A. lov b.^-evk-;^'^^^ 

u 2 
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power requtreraents they are unaurpassed, and they n 




absolutely free from d;i,rigcr and are worked with i 
miaimuni of cost. 




It has long been predicted that electricity would 
become the great motor of the fiiture. But even in 
the light of recent auccessful experiments with it, we 
are perhaps little able to fully comprehend the future 
11868 of thia agent as a means of transmitting power 
and of working machines. 

Many years have elapsed since sanguine electricians 
declared that a few plates or coils of metal and a 
few bottles of acid wefe all that ought to be necessary 
to drive a plough through the soil, a spindle giving 
motion to factory machines, a railway train acroea a 
continent, or a ship across the ocean. Everybody said 
tliat it could be done and ought to he done, but they 
were not so clear as to how it was to be done and made 
to pay. 

Sir William Siemens even promised an unlimited 
supply of force from the falls of Niagara, and was 
bold enough to prophesy that not only would it some 
day be used to propel all the spindles of New England, 
but be imported, as we import wheat and pork, for the 
supply of the Lancashire mills when the English coal- 
fields became exhausted ; and, indeed, so much bas 
been heard of the possibility of using not only the 
falls of Niagara but, to come nearer home, the tidal 
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fall of the Severn and other sources of water-power 
available in our midst, that we may well wonder why, 
if the schemes are so feasible, no endeavour has yet 
been made to utilise the vast power which ia perpetu- 
ally r unnin g to Waste. 

The cardinal difficulty has been that already indi- 
cated, of cost in proportion to result. But it would be 
rash in the extreme to attempt to prescribe limits to 
the potent agent which is so easy of transmission, and 
which can now be carried about stored in boxes and 
applied wherever force is required, either to drive 
plough, car, or ship, to pump a marsh or drive a pile. 

The time may come when a roaring torrent on a 
bleak hill-side will be more valuable than a manor in 
the rich valley through which it flows. Then the 
Highlands of Scotland, the fells of Norway, the becks 
of Cumberland, and the waterfall districts of Wales 
will be the great manufacturing centres of the world ; 
and it is even possible, should it be demonstrated that 
the electric -borne force is cheaper than that obtained 
by burning coal, that this estraordinary social revo- 
lution may be nearer at hand than is at present 
dreamt of. 

As 8 means of transmitting power to a distance, the 
electric current has now entered the lists in compe- 
tition with compressed air, the hydraulic accumulator, 
and the quick running rope, as used at Schafl^usen, 
to utilise the power of the Rhine fall. 

It is estimated by Sir William Siemens that the 
transformation of electrical into mechanical energy 
can be accomplished with no furthei' loss than is due to 
such incidental causes as friction and the heating of 
wires. These, in a properly designed dynamo -electric 
machine, do not exceed 10 per cent., 'j-s ehown by 
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Dr. Johu HopkinsoQ ; and, judging from recent expe- 
riments, a atill nearer approach to ultimate perfection 

attainable. Adhering, however, to Dr. Hopkineon's 
determination for safety's sake, and assuming the same 
percentage in reconverting the current into mechanical 
effects, a total loss of 19 per cent, results. To this 
loss must be added that through electrical resistance in 
the connecting line wires, which depends upon the 
length and conductivity, and that due to heating by 
friction of the machine. Taking these as being equal 
to the internal losses incurred in the double proceaa of 
conversion, there remains a nselul effect of 100 — 
38 = 62 per cent., attainable at a distance, which 
agrees with experimental results, although in actual 
practice it would not perhaps be safe at present to 
expect more than 50 per cent, of ultimate useful effect, 
to allow for all mechanical losses. 

In using compressed air or water for the transmiseioa 
of power, the loss cannot be taken at less than 50 per 
cent., and as it depends upon fluid resistance, it 
increases with more rapidity than in the case of elec- 
tricity. Taking the loss of effect in all cases at 50 per 
cent., electric transmission presents the advantage that 
an insulated wire does the work of a pipe capable 
of withstanding high internal pressure, which latter 
must be more costly to put down and to maintain. A 
second metallic conductor is required, however, to 
complete the electrical circuit, as the conducting power 
of the earth alone is found unreliable for passing 
quantity currents, owing to the effects of polarisation ; 
but as this second conductor need not he insulated, 
water or gas-pipes, railway metals or fencing wire 
may be called into requisition fur the purpose. TW 
small space occupied by tlie c\etttQ-'nio'«it, W'i '^"^'^ 
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working speed, and the absence of waste prodnota i 
render it specially available for the general distribution 
of power to light machinery of every description. A 
loss of effect of 50 per cent, does not stand in tke way 
of such applications, for it must be remembered that a 
powerful central engine, of best construction, produces 
motive power with a consumption of 2 Iba. of coal per 
horae-power per hour ; whereas small engines distributed 
over a district would consume not less than 5 lbs. We 
thus see that there is an advantage in favour of electric 
transmission as regards fuel, independently of the saving 
of labour and other collateral benefits. 

The recent opening of the Portrnah Electric Rail- 
way, practically the first of its kind, must be regarded 
as an event of considerable importance, not only in the 
history of Ireland but in the progress of electrical 
industry. Coupled with the remarkable resulta re- 
cently achieved at Grenoble by M. Marcel Desprez, it 
suggcsta great possibilitiea for the future, since it is 
now proved to demonstration that not only can force be 
carried by means of the electric fluid, but that the 
motive energy can be generated at a distance and 
applied directly where it happens to be required. 
Several months ago M. Desprez conveyed a ten-horae 
power through a wire nearly 23 miles long. The 
result waa, however, only obtained by a large expen- 
diture of steam-power in generating the force. 

More recently he has been successful in proving 
that by the utilisation of the waterfalla running to 
waste, power enough could be obtained to make the 
new method of working machinery and supplying light 
perfectly successful. Employing a mountain stream 
at Vizille, 8^ miles from Grenoble, as the initial source 
of the energy, he was enabled to convey through a 
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veiy light wire a aeven-borse power, representing when 
it arrived at the end of Jta rapid journey 62 per cent, 
of the force taken at the fountain head at Vizille. 
This power, so cheaply obtained, is moving in Grenoble 
several printing and other machines, lighting 110 
Edison lamps, and generally holding out a brilliant 
prospect of what may be soon accompliahed in other 
towns so happy as to be in the vicinity of a waterfall, 
or even of the sea, the tide being used as a generating 
power. 

The railway from Portruah to the Giants' Causeway 
is 6 miles long, and the force to work it is generated 
by a waterfall in the river Bush, with an available 
head of 24 ft., the electric current being conveyed by 
an underground cable to the end of the tramway. The 
water-power passing through turbine water-wheels, 
which utilise the whole force of the fall, is said to 
amount to ninety horse. It is obvious that for a light 
train of tram-cars there is enough and to spare. The 
practicability of such a line is now a settled matter. 
Tbe only question ia whether it is likely to pay as a 
commercial venture. Considering that tbe initial 
power costs nothing and that coal in Ireland is dear, 
there are good hopes that a line certain to be freely 
used by tourists will satisfy the expectations of its pro- 
jectors. 

Taking, as the basis of their calculations, the expense 
of working a steam tramway engine at Portrush, it ia 
claimed that while the old system cost on an average 
£8 4s. Q^d, for tbe engine per week, the electric cars 
can be run with the same number of passengers for 
nearly £2 6s. less. 

The electricity generated at tbe waterfall ia at. ftA^-^ 

conveyed to the railway througla an \ua\]iaV«.i^"sj\te- ^'^ 

d3 
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is then carried along by the side of the tramway 
through a conducting rail, which is carried at some 
distance above the ground and supported on insulators. 
An arm, with a brush or pud at the end of it, stretches 
out from the traiu and keepa contaut with this con- 
ductor, thus conveying the electricity to the machine 
which it has to work upon the car. In this way ft 
sufGcient and constant supply of force ia kept up from 
the outside, and the car is not obliged to carry with it 
the ponderous accumulators with their stored supply. 

To agriculture, electric transmission of power seems 
well adapted for effecting the various operations of the 
farm and fields from one centre. Sir AVilliam Siemens 
has worked such a system, in combination with electric 
lighting and horticulture, for some years, and he speaks 
with confidence of its economy, and the facility with 
which the work is accomplished in charge of untrained 
persons. 

The application of transmitted electric energy to 
agricultural implements and machines of almost every 
description, is, indeed, a very simple matter. No 
gearing is neceasary, a single insulated going and return 
wire serving to convey the power from the dynamo to 
an electro-motor attached directly to each machine. 
In this way the driving power for a threshing-machine, 
a chaff-cutter, a root-pulper, a corn-bruiser, and even 
for such field implements aa the plough and the drill, 
can be brought from any distance with little or no loss 
of effect. 

There are certain classes of agricultural machines 
which it will, perhaps, be more convenient to work by 
means of stored electricity. Two years ago the storage 
of electric energy in black hoses, and their power 
takeij out of them, by Sir William Thomson, may have 
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appeared visionary to many, but to those who could 
foresee the poaaibilitiea connected with the electrical 
storage of power these esperiments of Sir William 
Thomson were of pre-eminent importance. 

" The two latest employments of electricity, stored 
in Fanre-Sellon-Volckmer accumulators, are in the boat 
Eledridiy, which many may have seen running at Kew, 
and the electric tricycle of Professors Ayrton and 
Perry. In the tricycle no work is done by the rider, 
but little black boxes, carried on the base-board, con- 
tain the stored electric energy, pretty much in the 
same way as a horse's body contains its breakfast of 
oats and hay, with the difference that with the accumu- 
lator it is the receptacle which has weight, ao that 
neither in receiving its feed in the morning nor dis- 
charging its power dui'ing the day, does the accumu- 
lator gain or lose in its weight. By means of a tap, 
the rider can turn on more or less electricity, and go 
faster or slower." 

The time, we imagine, is not very distant, when the 
ploughman will be seen riding on his plough with one 
or more days' store of electric energy under the seat, 
and the implement he steers turning over the soil with 
a speed, ease, and economy that immeasurably distances 
even the beat performances of the steam-plough. 

Professor Ayrton predicts a time when electric power 
will be supplied, as gas is now, to houses for lighting 
purposes ; and when this has been accomplished, the 
same wires that convey the electricity for lighting will 
be employed to convey the power to work electro -mo tors 
to turn domestic machines. 

It has been found impossible to supply by steam or 
gas-power a compact and practical engine to dvls*;^ 
sewing-machine, a small lul,\ie, a. ?-j.\\, a. i;u\a.-r5 Ve^^^- 
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grinder, a boot brush, or any of the thousand household 
machinea which require but a small power. For such 
purposes, however, the little " Grjscom " electro-motor 
is admirably adapted and is already extensively used. 

The apparatus in question is, in fact, a cheap, com- 
pact, and effective household engine, consisting of a 
small electro- motor, which can be adapted to drive any 
sewing-machine, together with a battery in a box, 
containing a supply of electricity sufficient for several 
months' work. The motor is a tube of soft iron wrapped 
with insulated copper wire, with a segment left bare on 
either side. The ends are closed by brass plates, which 
are at the same time the bearings of a small " Siemen's " 
armature which revolves inside the tube. The current 
is brought to the commutator of the armature, i.e. the 
part where the ends of the wire are fixed, by two light 
springs bearing rollers, which revolve against the 
commutators. The current ia brought to two binding 
posts in connection with the rollers. As soon as a 
current is set up the armature revolves with great 
speed (up to 5,000 evolutions per minute) and with 
much power. The name " double induction " is given 
to the apparatus by reason of the ingenious way in 
which the induced or secondary currents are utilised 
instead of acting as a brake. By a reversing attach- 
ment the motion of the motor can be reversed while 
running at full speed. 

These motors are made from } man-power to 1 horse- 
power. By combining a definite number of motors, 
any machine power required can be obtained. 

A " Griscom " motor, weight 2| lbs., of about J man- 
power, for driving small machiaes, coats about £3. A 
1 man-power motor, weight 6 lbs., costs £7. A 1 horse- 
/>oirer motor, weight 40 lbs., costs £20. 
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The Electro-Dynamic Company, who are the manu- 
factarers of the " Griscom/' have perfected a bichro- 
mate battery, which is adapted specially to their motor. 
It consists of a six-cell bichromate cell in a strong 
locked box with a pedal, which, without any effort on 
the part of the operator, lowers the plates into the 
liquid, and at any desired depth, thus regulating the 
speed. A spiral spring lifts the plates out of the 
liquid, which emits no fume or smell, and the battery 
does not therefore waste when not working. The life 
of the battery depends on the charge, and can be inde- 
finitely prolonged by renewing the chemicals and zincs. 

A six-cell automatic battery, with carbon zincs com- 
plete, and spring and lowering attachment, costs £S 4s. 
A twelve-cell battery, for 1 man-power battery, com- 
plete in box, costs £9. 

Large motors are most economically driven when 
they receive the current from a dynamo-machine. 

Clarke's Patent Battery dispenses with dynamo- 
machines and accumulators, which need recharging, 
and enable the motor to be kept up by refilling the 
batteries with a simple chemical compound. 
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CHAPTER VIT. 

UOitSE GEAR. 

The employment of horses for working tlireshing- 
machioeB and other ham or food -preparing machines 
is not now nearly so common as formerly, it being 
considered, ou all but very small farms, that the work 
can be more economically performed by means of a 
fimall- power portable steam, hot-air, or gas-engine. 
When this ia the case, the favourite method of trans- 
mitting power ia through belting, or by means of a 
driving shaft, instead of toothed wheels. 

Very expensive horse-wheels wero formerly con- 
structed of substantial and durable character, and fixed 
in an appropriate building. They are of two kinds, 
the overhead and the underfoot wheels. The diameter 
of tbem is often made equal to the entire diameter of 
the horse-walk, and toothed on its outer edge. The 
speed ia at once gut up by this moans, but it ia exceed- 
ingly irregular in its action, and is a dead pull for the 
horse, there being no intermediate parts to equalise the 
strain by their elasticity, which is necessary to animal 
labour. The manner of yoking horses when employed 
in this way is of considerable importance, us the horse 
is always exerting himself in a direction tangential to 
the circle of hia walk ; the animal, therefore, should 
draw hy a swin^-tree instead of a yoke, attached to a 
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beam over head. In the case of one torse hanging 
back and leaving the others to do his work, an arrange- 
ment has been made which effectually prevents it. 
The- principle of the arrangement is, that the ring- 
chain forms a figure of as many equal sides or angles as 
there are horses in the wheel, and that the angles shall 
always remain equal ; by this means every horse is 
compelled to bear his fair share of the load. 

None of these horse-wheels are ever now erected, a 
portable description having taken their place. The 
modern horse gears possess, owing to their being self- 
contained, portable, and easily fixed in any desired 
spot, merits which do uot belong to the old-fashioned 
horse gears, with the large overhead first-motion wheels. 

There is still a very considerable use of horse gears 
on English farms, as is evinced by the large trade done 
in them, as shown at exhibitions of agricultural ma- 
chinery. 

On all farms where steam-power is not at command, 
the farmer must fall back upon horse gear for opera- 
tions of daily occurrence, such as preparing food. Nay, 
even where steam-power is used, we are convinced that 
horse gear, for certain operations, may be economically 
employed. For example, the pulping of roots should 
be a daily operation, as their virtue depends materially 
upon their freshness. It would be a costly business 
having to use steam for this purpose, one horse {or 
pony) an hour or two being sufficient. 

In Fig. 23 is given an illustration of Crowley's Patent 
One-horse Gear, without cover to show the woi'king 
parts. This horse gear was awarded a silver medal by 
the Royal Agricultural Society at Carlisle in 1880, 
where it was severely tested on the Dynamometer, and 
though only for one horse, a\,ooi tixe, Xe*\, 'i'l ■«■««.- 
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mitting four-horse power. It is fitted with safety 
clutch for stopping the pole when the horse stops. 
In this gear, the main wheel forms the frame, the 
bevel teeth of whichface upwards. 
Under the rim are six supports 
which rest upon the arms, all of 
which are cast together and form 
one compact wheel and frame. 
From the centre boas of the wheel 
is iixed an upright shaft, upon 
■which is placed a double bevel 
wheel and pinion, the large wheel 
of which acts upon and turns the 
bottom horizontal shaft, which 
runs in two bearings formed on 
the frame or arms of main wheel. 
Upon the upright stud or shaft 
rising from the centre is placed a 
horizontal carrier, upon which is 
fixed the draw-bar or pole to 
which the horse is attached. This 
iiirrier turns round upon the stud 
>.\ lien propelled by the horse, and 
ijives motion to the double wheel 
jjiniou on the centre stud by 
raeans of a shaft which has keyed 
upon it, at the outer end, a pinion 
which runs upon the main wheel, 
and a wheel at the other end, 
which acts direct upon the pinion 
of the double wheel, every wheel 
being so placed that the friction 
is taken off one wheel by the action of the others. It 
has a aniall intermediate without wheels ; but having 
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a short shaft fitted with shackle, joint, and one pulley, 
connected in the usual way to the gear with joints 
and pins. Its leading points are strength, easy work- 
ing, and speed ; one turn of the horse gives 37 revolu- 
tions, or at the rate of from 100 to 120 revolutions per 
minute. The price varies from £S upwards according 
to horse- power. 

Bamford'a Improved Patent Safety Two-horse Gear, 
with spring racket, especially designed for preventing 
accidents to horses, is shown in Fig, 24. This, also, is 
a very complete, strong, and safe horse gear. The 
main driving-wheel is 44 ins. diameter, and is made 
vpithout any openings or apokes, so that it is impossible 
for an animal to get its feet entangled in the gearing. 
The framework is most solidly constructed, and consists 
of two castings only, with four pillars, thus having 
great strength and durahility. This gear makes 7 
revolutions to 1 of the horse, and 43 revolutions with 
intermediate motion attached. 

Endless- Chain Power. — Fig. 25 shows an improved 
horae-power of the kind, ao extensively used through- 
out America on farms of moderate extent. 

" The power of these machines and the amount of 
friction in running them may be ascertained by the 
rule for determining the power of the inclined plane, 
for the only difference between the endless chain and a 
common Inclined plane is, that in one the plane ia 
fixed and the body moves up its surface, and in the 
other the plane itself moves downward, and the weight 
or animal upon it remains stationary. The same princi- 
ple applies in both caaea. 

" First, to ascertain the friction, let the platform be 
placed on a level with the horse upon it ; then gradually 
raise the end until the weight ai \.\ie Voisft V^ "^^"^ 
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give it motion. Thia will show the precise amount of 
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the friction ; for if the end be elevated one-twentieth 
of ita length, then the friction ia one-twentieth the 
weight of the horse and platform, 

" Secondly, to determine the power when the end la 
still further raised, measure the difference between the 




height thus given and the length of the platform. If, 
for instance, the height of the inclination is one-eighth 
of its length, and the horse is found to weigh 800 
pounds, then the power is 100 pounds, or one-eighth 
the weight of the horse." 

The tread power is successfully applied to churning 
and other light operations in which the weight of a 
sheep or a dog suffices to drive the machine. A sheep 
ia more convenient than a dog for the purpose, as it is 
heavier, more quiet, less averse to the labour, and 
when the task is done, it is turned into the yard or 
pasture where it is readily found next time. 



CHAPTER Vni. 

DTNAMOMETER, OR DRAUGHT GAUGE. 

This is a simple instrument for testing the draught of 
ploughs or other implements and machines. 

As an example of the utility of the dynamometer, 
the farmer may wish to choose hetween two ploughs 
which, 8o fur as the eye tells, may do their work equally 
well; but this instrument, when applied, may show 
that the team must exert a force of 3^ cwt. to draw one 
of thera through the soil, while the resistance of the 
other is only 3 cwt. If other things were equal he 
would therefore select the one of easiest draught, and 
save the labour of his horses. The same advantage 
may be derived in the selection of harrows, cultivators, 
chaiE-cutters, threshing-machines, and all other ma- 
chines worked by men op 
by horses. 

It is found that a pair of 
ordinary farm horses, walk- 

ll^iC^^^rif*'^ ^^S '^^ '^^ ^^^^ °f ■^a miles 
an hour, will work an im- 
plement, the resistance of 
which is about 3 cwt. 
Fig. 26 is an engraving of Howard's Dynamometer 
or Draught Gauge, which will be found exceedingly 
useful for the purposes above mentioned. The end of 




ihia instrument is hookod to the implement, the other 
to the whippletree ; and, as the horses draw, the spring 
is collapaed, and the draught is indicated on the dial. 
The price of the instrument complete is £3 Ss. 

The Self-recording Dynamometer, shown in Fig. 27, 
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las also been designed hy J. & F. Howard for the 
tnirpoBe of ascertaining the draught of ploughs, mowers, 
reapers, and other implements or machines. The self- 
registering apparatus gives the exact draught, and also 

ndicatea the oscillations which have taken place. This 
instrument is of special value to agricultural societies 
requiring to ascertain with great accuracy the draught 

l>f various implements or machines. 




THRESHING-MACHINES. 



Threshing-machines are classified as " double blast " 
or finishing, and " single blast " or non-finishing ma- 
chines. There ia perhaps no single machine designed 
to carry out any series of operations or processeSj 
in which so many conditions and circumstances are 
inTolved, and have to be fully considered and pro- 
vided for, as the finishing threshing-machine. Not 
only does every country produce even the same grain 
with straw of different lengths, with varying propor- 
tions of grain to straw, of grain to ear, of beard and 
chaff to ear, and with different proportions of weeds 
and seeds in the crop ; but the circumstancGB of dry 
and wet seasons, and of heat or cold, affect the condi- 
tions under which the threshing, cleaning, and separa- 
tion of the grain and seed can be effected. In Kngland, 
threshing is performed at almost all times of the year ; 
and the crop ia consequently in different states of dry- 
ness, depending upon the season and weather when it 
is threshed, the time it has remained in stack, the part 
of the country in which it is grown, the situation in 
which the stack has been placed, and, if threshed 
directly after harvest, the amount of rain and of sun- 
shine during harvest. In most foreign countries it ie 
threshed when harvested, and is consequently very 
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often extremely dry and very brittle ; while the 
quantity of weeds grown and collected with the crop is 
Bometimes more than the crop itself. 

These facts give a faint idea of the chief causes of 
the manifold difficulties and conditions involved in 
producing successful threBhing-maehines ; these vrill, 
however, he better appreciated when the details by 
which these difficulties are overcome are described. 

The primary operations performed in threshing 

1. Separation of the grain from the ear and straw. 

2. Separation of the grain from short broken straw 
and pieces of broken ear (cavings and chobs), and from 
the chaff. 

3. Separation of the grain from dirt and seeds. 

4. Separation of the grain into different qualities. 
In most countries these involve — 

1. Threshing the whole crop, with greater or less 
length of straw, and passing it between a fixed or a 
rapidly revolving ribbed surface. 

2. Shaking the straw, to remove any grain, seeds, 
chobs, and chaff that may be carried by it. 

3. Passing the whole of the products of threshing, 
except the straw, over rapidly reciprocating riddles 
and sieves, in presence of the blast from one or more 
fans, 

4. Passing the grain through a cylinder provided 
with revolving beaters or arms, to remove any firmly 
adhering chaff, awns, or beard, foRowed by final sifting 
on secondary sieves. 

5. Passing the grain through a revolving screen. 

The principle and operation of the modem threshing- 
machine is very clearly shown in the longitudinal 
flection (Fig- 28} of one of Marshall's machines. 
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One of the chief difEercnces between the early a 
Smnr ^- 
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dmm and the speed at ■which tt works. In the early 
machines, the cylinders, or drums as they are called, 
which carry the beaters, moved at a velocity of about 
250 revolutions per minute : in the present machines the 
drum makes quite a thousand revolutions per minute. 

In the old threshing-machine the corn was fed in 
between two fluted metal rollers which retarded the 
motion of the sheaf whilst the heaters on the circumfer- 
ence of the drum were knocking out the grain, In the 
modem machine, the rollers are altogether discarded. 
There is an iron concave grating, made to agree with 
the sweep of the beaters, from which it stands about 
^ of an inch. The sheaves are fed loosely into the 
space between the grating, and the quick revolving 
drum and the scrubbing action are sufiicient to free 
the grain from the straw. 

The straw-shaker separates the grain from it most 
effectually, and can also he made to send forth the 
straw straight and unbroken, which is an important 
matter when it has to be sent to market instead of 
being consumed on the farm, and even in the latter 
case the " shakers " save waste. 

The shakers receive their motion from one or from 
two cranks. The width of the shakers is usually about 
equal to the length of the drum, their length being 
about double that of the drum. A considerable stroke 
is necessary for a shaker crank, in order that the 
shaking of the straw may be sufficiently violent to 
effect the complete separation of the grain from the 
straw. An average throw of the crank is 4'25 in. with 
345 strokes per minute, or 0-0203 of drum surface speed. 

Aft.er passing the first dressing apparatus iu which 
the cavings and short straws, the chaff, the chobs, and 
the small seeds of weeds, sand, &,c., aTe sc^a.xa.'vHfe., ■>;&& 
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com is carried to the top of the machine by a cup or 
blast elevator, whence, after passing through an awn- 
ing and smutting apparatus, it comes down into a 
second dressing apparatus, consisting of at times a 
rotary screen, at others of a series of riddles or sieves, 
through which the corn percolates while being acted 
upon by a blast which carries away the beards, chaff, 
smutt, &c. A separate spout conveys refuse of all 
kinds to the ground. No good grain can escape, and 
the screen separates it into three qualites, the size of 
the corn in each being determined by the adjustment 
of the wires. 

In the most improved machines, a single high-speed 
fan or blower is attached to the drum-shaft, from which 
the necessary blasts of air are conducted through 
separate channels and brought into contact with the 
chaff and com at different points. The pressure of 
these several blasts of air is regulated by simple valves 
under the control of the attendant, and can be modified 
to suit any kind of grain under operation. By thus 
dispensing with a second fan, the necessary number of 
spindles, bearings, pulleys, and driving belts, as well 
as the wear and tear, and bulk and weight, of the 
machine, are all reduced to a minimum. 

The " single blast " machine has no second dresser, 
and does not finish for market. It remains much the 
same as it was many years ago ; but is now only in 
favour with farmers who thresh for the granary, or 
before their corn is in a fit state for marketing. 

Messrs. It. Garrett and Son, of Leiston "Works, Leis- 
ton, have recently produced a novelty in their rolled steel 
reversible drum-beaters. The primary object of this 
invention is the provision with every threshing-machine 
of the eguivalent of a new set of drum-beaters, as these. 
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when ■worn on one aide or face, can be reversed. 
Another feature is as follows : The drums of threshing- 
machines are commonly composed of eight ribbed 
beaters in which the ribs run upon the surface of the 

ifferent beaters alternately from right to left, and 
ersa. In the new beaters the ribs run on one 

ide or face from left to right, and on the other side 
from right to left, so that with one set of rolls the 
needful beaters for a drum can be produced. It is, 
further, a matter of considerable convenience to the 




owners of threshing-machines to have beaters which 
are thoroughly interchangeable, so that a smaller stock 
of costly wearing parts is necessary in order to be 
provided against occasional accidents. In carrying the 
invention into effect, the principal difficulty to be con- 
tended with was the provision of a suitable bed for the 
reversible beaters in the surface of the drum. To this 
end continuous roUed steel chairs are employed of an 
inverted U section, hollowed on the top surface to 
receive the beater, from which it is parted by means q£ 
a strip of papier-mache, and haTiTig ^e ^■*??' ^^"^ ^*" "*■ 
e2 
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BuitaUfl uigle (of about 135 <leg.) to the radius of the 
dram to project tbe com agsiDstthe oonGave surround- 
ing the dram, where it is further operated on by the 
ribe of the beaters proper. A principal feature in the 
ooDstruction of the oombmation of the chair and beater 
is the depth of threehiog surface, a b, n-hich permits of 
a slower speed of drum than heretofore without incur- 
ring the danger of " winding " the straw or failing to 
thrash clesn. Fig. 29 shows the arrangement per- 
fectly. 

For the preTention of accidents to those employed 
in feeding the machine, a recent Act of Parliament 
enacts that the drum and feeding-mouth of every 
threshing-machine shall at all time during the working 
thereof be kept aufficiantly and securely fenced, so far 
as is reasonably practicable and consistent with the due 
and efficient working thereof. There are now several 
patent safety drum- 
guards in use, but they 
all depend on one of 
two principles. "Some 
■ makers think with R. 
i Garrett and Sons that 
there is no danger of 
accident to the feeder 
so long as he is in his 
box ; and it is only 
when he is out of it 
that there is any pos- 
sibility of his fall- 
ing into the drum. Their guard (Fig, 30) consists 
simply of a cover, which always remains closed over 
the mouth of the machine until the feeder gets into his 
place, when his weight depresses the bottom of the box 
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a little, giving movement to suitable levers, and open- 
ing the mouth of the machine. Other makers arrange 
matters in such a way that if any undue pressure 
comes, eitlier upon the feeding-board, or a curved hood 
which covers half the drum opening, the latter ia 
instantly closed by a self-acting shutter or flap." 
(Pidgeon.) 

The latter principle is illustrated in Ransome's Safety 




Fig. 3 



Drum Guard (Fig. 31). It is so constructed that it is 
almost impossible for any one to fall into the drum of 
the omchine, as will be seen by reference to the draw- 
ings. A self-acting flap, or shutter, which, when 
down, completely closes the mouth of the drum, is so 
arranged that when open it does not interfere with 
feeding the machine, but will drop instantly andcUwa 
the drum if any one falls eit\ier oil \,o "Co-ia Vosi?i. »- 's^ 
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feed-board b. Sweepings can be Bwept into the drum 
as usual, and the guard can be easily applied to old 
machines at a small extra cost. 

Several makers of threshing- machines have sought 
to combine with the drum-guards a aelf-feeding appa- 
ratus. The first of these was brought out by AVilde, 
of Heading, in 1871, and has since been adopted by 
Clayton and Shuttleworth, and other makers. It con- 
sists, in effect, of a small straw-shaker, which delivers 
into the drum mouth, and is fed by an attendant, who 
himself stands in a place of safety. Above the shaker 
hangs a spiked rake, under whose teeth nothing thicker 
than a layer of grain can possibly pass, 

Marshall's Feeder consists of a spiked barrel fed from 
an inclined board. Beneath the latter three saw- 
toothed discs revolve, and the board itself is suspended 
by springs in such a manner that the weight of a sheaf 
depresses it sufficiently to allow the discs to protrude 
and cut the band. The loosened sheaf is then carried 
forward to the spiked barrel, until it reaches a line of 
oscillating forks, by which it is spread out evenly just 
before entering the concave. 

Ruston and Proctor's Self-acting Feeder consists 
of a box, with an inclined feeding-tahle arranged 
in it, placed over the mouth of the drum and forming 
a large hopper into which the corn is thrown. At 
the farther end of this table there is a revolving hexa- 
gonal drum, provided with obtuse teeth which pick up 
the corn and carry it forward to the threshing-drum as 
fast as it can be supplied, whilst a number of vibrating 
tinea arranged above split up the sheaves and effect an 
even distribution across the whole width. The feeding- 
table is supported by a self-acting spring with disen- 
gBg'iag gear, which instantly stops the motioa of the 
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feeder in case any person falls or steps into it, and 
prevents any injury occurring. 

Self-acting feeders Lave not yet been very generally 

adopted ; but ultimately no doubt they will. They 

I secure a full and uniform supply of com to the 

machine, gave labour in hand-feeding, and diepense 

Tvith drum guards. 

The following detailed description of Ran some's 
threshing- machine is from a paper read before the 
Institution of Mechanical Engineers by Mr. "W. W 
Beaumont, in 1881. 

This machine, of the size having a 4 ft. 6 in. drum, 
is illustrated by Figs. 32 and 33. This is only one 
of many different sizes and arrangemonta of machines 
made by this firm, according to the practice of all 
makers to suit the requirements of all countries. The 
arrangement and the purposes of the parts will be best 
understood by following the straw, &c., through the 
machine. 

Pig. 32 is a longitudinal sectional elevation. 

Fig. 33 is a transverse section of the machine at the 
hinder end, taken through a line a little within the 
end framing and looking from behind. 

The man feeding stands in the feeding-box a', Fig. 
32, and the sheaves of com, after the binders have been 
cut, or the corn of whatever sort in a loose form, is 
handed to him by other workman standing on the top 
or platform of the machine. The feeder then passes it 
into the drum mouth a, with as much regularity as 
possible, over the feeding-board a^, it is then caught 
by the drum b, and rapidly carried between it and the 
concave b'. The grain is knocked and to some extent 
rubbed out of the ear, and the ear more or less broken 
and separated from the straw, u,5 it i^tt,s&ca'\ii&\.'»»«M^'^^ 
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the concave grating and the rest passing with the straw 
on to the ahukers c ; the straw carrying with it some 
grain and a good deal of the chobs and cavings. All 
these are shaken from the straw on the shakers, and 
pass through on to and down the oaciliating-board n, 
whence they pass on to the upper part of the riddle sur- 
face B. The greater part of the grain, seeds, chaff. 




Fig. 33. 

&c,, which fall through the concave, pasaes on to the 
oscHIb ting-board d\ and thence also on to the riddle 
surface. The straw, from which all grain, Ac, has 
now been separated, passes upwards and falls over the 
upper end of the shakers ; while the grain, seeds, chaff, 
and chobs pass down to the bottom oi ft^e QMs&ai£isi%- 
I board f, most of the emaW sae^a ao-i. ^^t "Vsw^t' 
E 3 
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separated in the passage thereto by falling through 
the perforated plate or sieve over the spout w, which 
carries them away. The remainder of the material, 
including all the grain, chaff, choba, and some seeds, 
passes to the end of the board F aud falls down the 
inclined board x on to the upper sieve g. Through 
this sieve most of the grain falls to the bottom of the 
shoe at y, a blast of air from the fan u assisting in the 
sifting by blowing the chaff from the sieve, especially 
that which tends to fall off its end out of the shoe in 
the direction of the upper arrow. Some of the small 
pieces of imperfectly threshed ears and grain with 
adhering chaff are also blown in that direction ; but 
owing to their weight they are not carried beyond the 
stop bar on the board z. From the board z these 
choba pass down the inclined plane to the second and r 
lower sieve g' ; the heavier chobs from the end of the 
upper sieve also fall down to g', some grain falling 
with them. On g^ the sifting is repeated, the grain 
falling to the bottom of the shoe, and the whole of the 
chobs falling into the chob-spout v, whence they drop 
into baskets and are again passed through the drum 
for a second threshing. There now remain only the 
grain and some of the larger seeds to be dealt with, 
the grain having received its first dressing. 

For the second dressing and screening the grain 
passes through the spout i to the bottom of the elevator- 
box, and ia thence taken by the cups of the elevator J 
to the top of the machine, and delivered into the cylin- 
drical part K^ {Figs. 32 and 33) of theawner. When, 
however, the grain is remarkably uniform in quality, 
and the crop very clean as regards freedom from 
weeds, and when it is intended to dress the corn (if 
tiat is farther necessary) in a dieaaing-mac^me, \Ja« 
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grain is allowed to pasa at once out of the macliiiie 
from the elevator spout to the sack spoutB g ; for 
which purpose a slide shown in Fig. 32, at P, is pro- 
vided. The same remark applies when beana are 
threshed. From k' (Fig. 33) the grain ia passed by 
the revolTing arms therein through the awner k, in 
which any firmly adhering chaff is rubbed off the i 
grain and the smut balls broken, and thence it falls 
through the spout k*. From k^ the grain drops on to 
the upper aieve in the second jog-shoe l. Fig. 33, 
and is successively sifted by the several sieves shown 
in cross section in Fig. 32, the larger seeds and 
any stones being rejected and passed down the spout 
M, while the grain goes through the spout n into the 
rotary screen o. At h (Fig. 33) ia a second fan from 
which a blast is directed between the sieves in the jog- 
shoe L ; and by this blast all dust (some of which 
reaulta from the broken smut balls) and the chaff or 
beard which has been rubbed off in the awner is 
blown off through the dust spout r (Fig, 33). In 
the screen o (Fig. 33) the smallest corn drops at once 
through the apouta q q, and forms the third quality. 
The grain next in size drops through the spouts Q* u*. 

To provide room for the men working on the top of 
the machine in attendance upon the feeder, the plat- 
form is increased in width by boards not shown in the 
diagrams, but which are hinged to the top edges of the 
frame and supported at their extremities by struts 
resting ou the bottom members of the frame. 

The drum B in this machine (Fig, 32) has width of 
4 ft. 6 in., and consists of six beaters mounted upon 
iron-faced beater-bars, which are fastened by hook 
bolts to three-flanged plate druiii\3.eaAft, a.ii5i. \ft V«*i 
intermediate wrought-iron ringa. '^\yi '^'a.\» ^xvwa.- 
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heads are fastened to caat-iron bosses keyed on to the 
dnun-spindle, wMch revolves in long bearings fixed 
to a cast-iron bearing-pUte bolted to the two vertical 
frame pieces. The beaters are themselves long screws 
made by twisting rolled bars. After these are twisted 
and straightened, grooves are cut in them, at the 
neceaaary distances apart, to receive the book bolts by 
which they are held on the drum. 

The concave b' (Fig. 32) is made in two parts con- 
nected by a long transverse pin or bolt a little below 
the sectional length of the concave. It consists of two 
main end pieces of wrought iron, and a number of 
intermediate simihir shaped ribs, forming a support to 
the ribs running transverse to the machine, which are 
seen in section in Fig. 32. These latter ribs are per- 
forated near their upper edges, and receive curved 
wires generally about -^ in, in diameter. 

A coarse strong grating is thus formed, which is 
adjustable as to distance from the drum at three points, 
namely, in the upper part, a little below the middle, 
and at the forward end of the bottom. The long bolts 
oa which the segments rest pass through the outside 
of the machine and are there hold by three sets of 
adjusting gear, two being below the drum-spindle and 
one above, and all attached to iron bearing-plates. 
The lower part of the concave is mado somewhat more 
open than the upper part. The distance at which the 
concave is set from the drum is always greater at the 
top than at the centre, and at the bottom or forward 
part it ia least, the actual distance varying with the 
nature and condition of the grain to he threshed. For 
wheat, oata, and barley, in average condition and quan- 
tity of straw, it is usually set at f in. from the drum- 
beatera at ibebottoui, from | to 5 ii^- ^it tVe TmiffiB.aod. 
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about 1 J in. at the top. For very damp or very dry com 
it ia, howeyer, set wider or closer respectively, as expe- 
rience dictates. Sight holes at the side of the machine 
are provided, through which the distance between the 
bottom and middle of the concave and the drum may 
be seen while making adjustments, the distance at the 
top being seen from the drum mouth. 

The advantages of the screw or twisted drum-beater 
are that, besides being a good thresher, it can be turned 
as wear takes place, and from two to four new faces 
presented according to the care taken by the atten- 
dants. Moreover, as all feeders habitually feed more 
towards the centre and one end of the drum, rather 
than uniformly throughout the whole length, the 
beatera can be changed end for end with advantage. 
As the drum runs at a very high velocity, it ia neces- 
sary that it should be most carefully balanced, and 
that every part should be o£ good material and firmly 
connected. 

It has been mentioned that the grain, as the corn or 
crop passes between the drum and concave, is knocked 
and perhaps to some extent rubbed out of the ear ; but 
it will be seen from the construction of these parts and 
the fact that the velocity of the periphery of the drum 
is 6,047 ft., or considerably over a mile per minute, 
that the rubbing can only be effected by the straw as 
it is whisked from drum-mouth to shakers. 

In leaving the drum and the directing plate, which 
ia curved upwards a short distance from the concave, 
the straw flies upwards ; its fall upon the ends of the 
shakers ia determined by the inclined board b (Fig. 32), 
which is adjustable as to inclination. The straw is 
checked from too rapid ascent oi ftve ^a!Bjef&>s^ 't'*'^ 
amnging ehuttera placed acToas tVe -wV-t^a -wviS^x ■A '^^^^a 
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machine, as shown in Fig. 32. The shakers consist of 
four seta of reciprocating wood-frames or boxes, the 
upper parts of which are filled in with small transverse 
strips of wood, placed at a short distance apart, so as 
to form a grating. These sections are mounted upon 
brackets carrying bearings, and worked by two sets of 
cranks, s e (Fig. 32). The cranks are sot at equi- 
distant angles of 90°. Each shaker-box or section thus 
receives a similar compound motion, by which the 
straw is thoroughly shaken and carried forward, while 
the shaking is increased by a deeply -notched longitu- 
dinal piece placed along the middle of the top of each 
shaker- frame. 

The board d (Fig. 32), which receives all that is 
shaken from the straw, and the board d', which 
receives all the grain, &c., which has dropped through 
the concave, receive their motion from the crank t, 
which also gives motion to the wood riddle e. These 
boards and the riddle e are connected, so that their 
motions are simultaneous. The rod by which they are 
connected with, the crank t is fixed under the board d', 
and is thinned or flattened near the point of its fixture ; 
being thus made flexible it needs no joint. The riddle 
surface, which is usually constructed of mahogany or 
walnut, is grooved in the direction of the length of the 
machine, the grooves being of 1 in. pitch, and the holes 
of different sizes from | in. to J in., the smallest sizes 
are for such grain as wheat and rye. These parts are 
suspended by hangers V u, which are firmly fixed at 
either end and consist of thin strips, usually of tough 
ash. Tlie board f and the other parts of the lower 
shoe are suspended by similar hangers (Fig. 32). The 
shoe also receives its motion from crank T, and is cou- 
aected therewith by a flexible rod aa skowii Ytt"E\%. "SI. 
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When threshing oats the aeed-aieve at w is taken 
out and a blank plate put into its place, but the seed- 
sieve is left in for threshing wheat and barley. The 
sieves g and g^ vary in mesh from j in. to J in. 
according to the grain being threshed. The strength 
of the blast through and past these sieves is regulated 
by a slide shown near I (Fig. 32). This blast must be 
regulated with great care, so that all the grain, including 
the light grain and chobs, may drop within the bar z, 
while the chafE from the upper sieve must be carried 
beyond that bar. The construction of the fan h ia 
sufficiently shown in the section (Fig. 32). 

The elevator J consists of a leather belt, provided 
with a number of tin-plate cups of the transverse 
section, indicated in Fig. 32 ; the speed of the belt is 
made sufficient to elevate the grain from a full crop. 
The awner k is provided with knives and beaters, 
which may be used in part and separately, or all 
together, at the discretion of the attendants of the 
machine, and according to the character and condition 
of the grain being dressed. 

If the grain is smutty or brittle, it is usually not 
passed through the awner, but delivered direct to the 
second dressing shoe l, the sieves in which vary 
according to the grain to be dressed, being, for instance, 
of J inch, i inch, or ~f^ in, mesh. Some sieves are 
made of perforated iron or zinc, others are of woven 
wire, others again are made with parallel wires. For 
barley, which is difficult to awn, and for wheat to 
which there is much firmly adhering chaff or white 
coat, the whole of the beaters are sometimes used in 
the awner instead of the knives. The awns and chaff 
thus removed have to be blown ftovci \.Vft sv«\«».\si.'<fes. 
second dresaing shoe l by tte \i\a.a\. ?toisi. 'C&e^3i»."^..*™^l 
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the force of this blast must be carefully regulated so 
that no grain is earned away. The screen o is a 
rotary wire screen, the wires being adjustable as to 
pitch to suit the grain to be screened. Near the front 
road wheels is a board, hinged at the upper part and 
lowered so as to assume a vertical position when 
threshing, to prevent a mixture of the chaff with the 
cayinga. 

As already stated, almost the whole of these details 
are subject to modiiicatioQ to meet the requirements of 
different countries and practices ; and the relative 
dimensions are also subject to large modihoations. In 
Australia, for instance, where the corn is generally cut 
off by the ear, the shakers are not needed, while all the 
riddling surfaces and the parts constituting the dressing 
apparatus must be very large. 

Messrs, Ransome and Co. have introduced a straw- 
bruising apparatus for attaching to their threshing- 
machine in hot climates, where straw is unfit for the 
food of live stock until it has been crushed in some way 
or other. The straw as it comes from the shakers falls 
upon a roller furnished with knives, which cut it into 
rather long chaff. This chaff is fed into a concave, 
where it is crashed by a second roller armed with blunt 
pegs, and whence it finally issues thoroughly bruised 
and in a fit condition for food. 

Clayton and Shuttle worth' a Finishing Threshing- 
machine, Fig. 34, is fitted with their patent safety feed- 
board for feeding by hand, but Wilder's patent self- 
feeding apparatus can be attached to any machine when 
required. The drawing is for a 4 ft. small machine 
with cup elevators. 

The straw-shakers in this machine are worked by 
t single crank shaft, and are yery effic\ent, aa tiaa 
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straw IB alternately tossed up vertically and moved 
forward horizontally, which is the best motion for 
separating the grain and chaff from it. If desired, 
however, double crank shakers are supplied without 
extra charge. For the neighbourhood of large towns, 
where the straw is sent to market, the shakers are 
made to deliver it in as straight condition as possible. 

The riddles and vibrating boards are hung on 
Coulson's patent spring hangers, which work without 
friction and require no lubrication. These parts being 
balanced and moving in opposite directions, the rest of 
the machinery is not affected by their vibration. 

In the first dressing apparatus four separations are 
made, namely : — 

Cavings and short straw. 

Chaff. 

Spoutings, such as sticks, stones, &c. 

Small seeds of weeds, sand, &c. 

The corn is thence lifted to the top of the machine 
by the cup elevator, consisting of an endless strap 
fitted with cups, which carry the com up a spout and 
deliver it at the top ; or in some machines this is 
effected by the patent blast elevator, which is made 
adjustable in speed and diameter and has three varieties 
of interchangeable plates for rubbing off the awns or 
beards of barley. 

From the top of the elevator the corn falls into a 
separate barley awner and smutter, which consists of a 
shaft studded with steel knives and adjustable beaters, 
revolving in a cylindrical iron casing. It is so 
arranged that, at the option of the attendant, the corn 
can be operated on by the awner only, or by the 
awner and smutter ; or it can avoid the awning and 
smutting proceBB altogether. 
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The com passes from the elevator or awner jiiat 

I described into a second dressing apparatus, conaiBting 

I of a series of riddles through which the com percolates 

I while being acted on by a blast for carrying away the 

beards, chaff, smut, &c., rubbed off in the awning 

' process. A separate spout conveys the refuse into a 

sack. Any good com escaping the riddles, however, is 

carried back to the tirst dresgiug apparatus, so that no 

waste can take place. 

On dropping through the last riddle, the com enters 
the patent adjustable rotary screen, by which it is 
Borted into three ij^ualities. 

The machine is capable of threshing all kinds of 
com and dressing and finishing it for market at a 
single operation. It can be arranged, however, to 
work aa a "double blast" by passing the corn direct 
into sacks instead of through tho rotary screen ; or 
as a " single blast " by also removing the riddles from 
the second dressing apparatus and patting the small 
blower out of action, 

Fig. 35 represents Howard's new patent "trusser," 
attached to a threshing-machine, by which the threshed 
straw is caught when leaving the machine, securely 
tied in bundles with stout twine, and thrown on the 
ground at the back of the machine, ready to be forked 
on to a cart or stack. The machine, which occupies 
very little additional apace, is attached to the end of 
the threshing-machine, Aa the straw leaves the mill 
it falls between two revolving canvas aprons, and is 
carried down to the binding-table in a condition ready 
for tying. It is delivered in a looae form, but is 
caught and packed tight by a series of reciprocating 
points, till the required size of bundle is olit,ivvQft,4-, 
when the binding gear ia set. in o^tta,^Ji«Q, fc*- le'^\».T.* 
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uf tlic macliiae iB tliat it can be set so as to make the 
bundles various sizes ; and aa soon as the size that it 
ia set to make is attained and packed, the pressure 
moves a lever, whioh brings the binding part of the 
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machinery into action. The arms or needles that have 
the string threaded through them are bound round the 
bundle, across the knotting- hooka, the string is gripped, 
and the knottera perform their work., the knives cross 
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tlie path of the twine and sever it, and at the same 
time the levers on which the knivea are secured pull 
off the loop-knots from the knotting-hooks, and eject 
the bundle to the ground. The needles then fall back 
to their normal position and await further operations. 
The whole operation is done instantaneoiisly. Two 
strings are passed round eaoh bundle at a distance of 
15 inches apart, and the bundles are far more shapely, 
more tightly packed, and more easily handled than 
bundles made by hand. The machine is said to do the 

Where it is desired to cut' up the straw at the time 
of threshing, Messrs. Clayton and Shuttleworth supply 
a large chaff-cutter for attaching to the tail of the 
machine, and it not only cuts up the straw but sifts 
and bags the chaff as fast as the straw can be delivered 
from the thresher. This apparatus will be found more 
fuUy described under the bead of Chaff-cutters, 

In Nalder's Threshing-machine, the shakers, shog- 
board, and large riddle, are all driven from one crank 
placed centrally between the shakers, the shaker-boxes 
themselves being made to act as connecting-rods for 
driving the shoes. This arrangement dispenses with 
a great number of bearings, pulleys, and one belt. 

Foden's Double- exhaust Finishing Machine was 
awarded a silver medal by the Royal Agricultural 
Society, at the York meeting in July, 1883. The 
principal improvement claimed in this machine is the 
introduction of an exhaust fan in the place of first and 
second blast fans, second riddle-box and riddles, and 
which not only does the work of both, but also acts as 
a chaff-cleaner and lifter, thus saving the driving 
power employed on the first and second fans, straps, 
time in oiling, and cost in repairs, &,e. "XNia e^iJ^ja.'S^. 
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fan makes a perfect nample of smut wheat, and will 
take all the light from any other grain perfectly. 

The early th re eh ing- machines were nearly all driven 
by horse-power, a few by water ; now steam power is 
moat generally employed. It seems to be pretty well 
agreed that, with the present price of horses, it will 
not do to thresh a large farm by horse-power. 

For very small holdings, the " Tiny " threshing- 
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machine. Fig. 36, manufactured by Murray, of Banff, 
IB extensively used. It is made in several sizes, adapted 
for hand, pony, or horse-power, and will thresh from 
10 to 24 bush, of grain per hour. The prices vary, 
according to size, from £6 lOs. to £37, complete, 

A 4-horse threshing-machine will thresh from 20 
to 30 bush, of wheat per hour, and from 40 to 50 bush. 
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of oats or barley, according to tHe strawiness and yield 
of tHe crop. 

A steam thresher of 6 to 8 horse-power will thresh 
from 60 to 80 bush, of wheat per hour ; or from 600 
to 800 bush, in a day of 10 hours ; and of oats or barley 
a third or even a half more. 

The cost of a steam threshing and finishing-machine, 
say of 6-horse power, is about £135. This price will 
include a safety drum-guard ; but the cost of fitting a 
self-feeding apparatus would be extra, as would also 
straw elevator, straw bruiser, or chaff-cutting, sifting, 
and bagging apparatus. 



CORN-DRESSING MACHINES. 

"Where the threshmg-raachine ie a non-finiBhing one, 
separate corn-dreesers of variouB kinda for hand-power 
will be required m order to properly prepare grain and 
seeds for market. The difference in price between a 
well-dreBsed and an ill-dressed sample of corn or seed 
is so great, that it pays the farmer to obtain the very 
best machines for this purpose, on even a moderate^ 
sized farm. 

The most necessary of these machines is the "win- 
no wing-machine, for separating the chaff, light corn, 
amaU seeds, and dirt, from the good grain. In the 
ordinary winnower, a fan blast acts in conjunction with 
riddles, for the cleaning and separation of grain ; but 
in some of the more recent machines, the blast is 
replaced by an exhaust fan. 

The principle upon which the ordinary improved 
winnowing-machines act is this. A strong current of 
air is driven by the fan up an inclined tunnel, above 
which is a hopper, having a sluice gate, through which 
the corn is allowed to pass in any given quantity on to 
the riddles and sieves, which are made to oscillate. As 
the com passes from the hopper into this shaking 
riddle, it is at once acted upon bythe fan, and the 
lighter chafi' is blown off; the remainder passes through 
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tfie riddles into tlie eievea below, through wliicli the 
good grain passes, while the light corn and the small 
aeeda are blown past the sieve and fall into their proper 

I channels. 

I Homsby's Corn-dressing Machine (Fig. 37} presents 
several improvements on the above. It ia fitted with a 
spiked roller, working through a grating so arranged 
as to form a hopper, and ia easily adjusted to suit corn, 




either in rough chaff or any other state. It is also 
fitted with a double shaking screen at the bottom, 
which more effectually cleans the corn from all kinds 
of small seeds than a fixed one. 

These machines are sent out fitted to dress wheat, 
barley, oats, rye, tares, beans, and peas. They can 
also be used for blowing dust or smut from the grain, 
and are readily adapted for droBsing Si^^Aa. 
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Boby's celebrated CornScreena have recently received 
a further improvement by Buspending: the screening 
aurfaoe upon wood spring siispondera, thus doing away 
with the principal and most costly wearing parts, and 
reducing the power required to turn them to a minimum. 
Any number of wire beds 
of different gauges can 
now be had with the same 
machine, and so arranged 
that they can be removed 
and replaced with the 
same facility that riddles 
are changed in a vrinnow- 
„ ing or dressing- machine. 

These screens are fitted 
with blower, as in Fig. 38 ; or the screen may bo had 
without the blower. 

At the York meeting, 1883, the Royal Agricultural 
Society awarded a silver medal to Messrs. Shield and 
Crockett, for an ingeniously simple corn screen. It is 
a wire screen, the wire being wound in one long spiral 
in such a way that the form of the cylinder produced 
is traversed by one furrow, which extends from end to 
end. The screen heads are cast iron, with heavy rims 
projecting considerably beyond the bosses, which fit 
loosely upon the shaft. They are thus allowed to 
" wobble " on the shaft, with the result that the wires 
of the screen are always closer together at the bottom 
than at the top. No brush or any device ia reqnired 
to clean the screen, as any grain which may fix itself 
in the lower part of the screen falls again freely within 
it when that part of the screen in its revolution reaches 
the top. The screen ia thus self- cleansing, and being 
constructed in a. spiral or screw form, the corn, &c,, ia 
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conTsyed out without the aid of any sheet-iron, worm, 
or other propelling device, so that the whole of the 
interior is screening surface. The machine is not only 
simple, but works efficiently in every way. 

Pig. 39 shows the screen complete in frame. It 
represents the screen when closed for dressing seeds, 
£c., and being of simple construction it is readily 




opened or closed with the adjusting handle to suit all 
kinds of grain or seeds. 

Of special seed cleaners and seed-sorting machines 
for dealing with clover, rye-grass, and other small 
seeds, there are several ; and as a rule they are more 
efficient for this purpose than the combined machines 
intended to dress either corn or small seeds. 

Boby's Seed-sorting Machine (Fig. 40) aims 14.^, -so.*- 
does to a very great extent im^to^e (^o^iot s'i^»* ^'S 
f2 
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separating dirt and weeds, as well aa plantain 

rye-grass ; and by changing riddles it will successfully 
act on gooae-graBB, hair-grass, &c. 

This screen has not the usual sifting motion, but the 
wire or perforated bed is acted upon by means of a 
spring hammer, which agitates or imparts a tremulous 
motion to the bed, and has the effect of making the 
seeds present every point of surface to the riddle, and 
gives all possible chances of their passing throngh. 



1 

and I 




Richardson's Seed Cleaner, which was brought into 
notice at the trial of seed-cleaning machines, held at 
Edinburgh by the Highland and Agricultural Society 
in the spring of 1883, is fitted with a set of three 
or more sieves placed in steps or stairs in the same 
sloping frame. This frame oscillates lengthways with a 
heaving sort of motion, by which a heavy-headed seed, 
such as wire grass, when dropping from one sieve to 
another, is made to fall on its heavy head, and so pass 
more readily through lbs meshes of the sieve. This 
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machine is chiefly intended for rye-grass seeds, and to 
do the chaffing, riddling, and screening at one operation. 
By changes of sieves and riddles it may be made to 
dress other seeds, such as tumip-aeeda and clovers; 
but it appeared to be less successful with the clovers 
than with the rye-grass seed. 

Awners or HummelUng Machines. — These machines are 
for the purpose of removing the awns from the barley, 
and are indispensable on a barley -growing farm, if a 
non-finishing threshing-machine is employed. The 
old plan of doing this was to put the barley through 
the threshing-machine a second and third time ; but 
this injured the grain for malting, and was besides a 
laborious process. The addition of an awner to the 
threshing-machine, enabling barley to be turned out 
clean at one operation, as easily as all other grain, was, 
therefore, a decided step forward. 

One form of barley awner ia that already described 
in connection with Clayton and Shuttle worth's threah- 
ing-machine. It consists of a shaft studded with knives 
and adjustable beaters, revolving in a cylindrical casing. 
This is the class of awner with which most of the 
modern flnishing threshing-machines are £tted ; and it 
is equally suited for the purpoBe when made separate 
and worked independent of the thresher. 

Boby's Barley Hummeller is illustrated in Fig. 41. 
The barrel is made of iron, and a strong wrought-iron 
spindle runs through the centre, on which is fixed a 
series of knives which revolve at great speed. These 
knives are so shaped that although the barrel is fixed 
perfectly straight on the frame (and not inclined lite 
those generally in use, which have a. tendency to let 
the barley escape before it is properly awned) the knives 
of themselves force the barky aVoTi^ 'C&b Waft,wi 'CSisS. 
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it is impossible for the com to escape from tlie epont 
until it has been Buhjeoted to the action of the whole 
of the knives in the barrel ; and by the time the com 

reaches the outlet it is effectually deprived of the 



^ 




awns. The machine ia very simple, and can easily be 
worked by one man. 

The same hiunmeller is made of a size suitable for 
being worked by power, and adapted for attaching to 
any large portable corn-cloaniug machine, or for fixing 
in barley stores. This machine will effectually deprive 
the kernel of the horn or needle without damage to the 
grain at the rate of 120 bush, per hour. It is fitted 
with 9-in, fast and loose pullies, which should be driven 
at about 250 revolutions per minute. 




^3 



The BBual form of tarn shovel ia ehown in Fig, 42. 
It is made wholly of wood. The 
one here illustrated, which is Bo- 

i bey's manufacture, has the handle 

I worked up separately and secured to 

■ the blade by two bolts and wrought 

^^^^^ socket plates, and hy unbolting the 

^^^^H' handle a flat turning blade can 

^^^^H readily be substituted for the deep 

^^^^V blade if desired. The blades are 20 

^^^^B in. by 13 in., and made of thin, light, 

^^^^H hard wood. 

^^^^K An article which is useful alike in 

^^^^^^ — -^ the bam and in the chaff-bin is the 

^mSR jiPul ^i^'i'l-^i^^s (^^?- ^^)> f'^'* sifting duat 




and ^luali seeds from corn and cut t^vaffi. Tass^ »s.t 
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now iiHually constructed with wove wire bottoms, and 
are made with the wire mesh of various sizes to soit 
different kinds and qualities of grain. 

Boby's Improved Grain - sampler (Fig. 44) 

i ought to be extensively used by farmers and 
corn merchants. By means of this instrument 
samples of grain can be drawn with the greatest 
facility from the middle of a large heap, or from 
the interior of a cargo, so insuring the purchaser 
of buying equal to sample. In this way also 
temperature and condition of large quantities of 
grain may be 
f requ e n 1 1 y 
tested, without 
unnecesaary 
trouble or loss of 
time. 

Sack - lifting 
Barrow. — The 
sack-lifting ap- 
paratus is a valu- 
able addition to 
the old plain 
sack barrow, in 
moving sacks of 

IJtf^ B^^^Q grain from the 

T- ^^ (pBBSJBBBhUmS threshing - ma- 
;^^^?^^^5^£r-^S^^=^' chine or from the 
«*-S L--"--^"-" ~"" granary. It en- 

^'B-''*- ^'S.J'- ablesonemanto 

remove the sacks from the machine as fast as they are 
filled, and without the assistance that would otherwise be 
necessary for getting them on to his back. The illua- 
tration shows the positions of the barrow, hy Clayton 
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and Shuttleworth, with a sack partly raised. These 
barrows are atrong and durable, and by means of a 
wheel and pinion motion in connection with the raising 
apparatus, are also very easy to work. 

Sack ' SoMen. — Gilbert's Improved Patent Iron 
Sack-holder (Fig. 46), manufactured by Richmond and 
Chandler, ia a useful labour-saving invention. It holds 
the mouth of the sack wide open, forms a rest for the 



-.-iDfr 




Ft 46 



vessel used in filhng saves the expense of an assistant, 
and is very light portable and cheap, costing only 
£1 3s. At a small extra cost the sack holder can be had 
on wheels, which, when the sack is filled, forms a neat 
and convenient barrow for conveying it where wanted. 
An American bag-holder on platform scales is shown 
in Fig. 47. It consists of an iron hoop, nearly as large 
round as a corn sack, with several small hooka on it, 
at equal distances, to which the bag ia suspended. 
Attached to the hoop is an iron rod, with ataa't evA. 
which slips into b socket on. ftie ^tou\. (il 'Ooa -o^^wg?*. 
T 3 
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enclosing the rods that run from the platform of the scale 
to the weighing beam. The shank should fit loosely 
in the eocket, to let the hoop tilt down, so that the bag 
can be readily unhooked. There is an eye-bolt in the 
hoop where the iron rod joins it, and a rod with a hook 
on the upper end ia fastened into it. This rod reaohea 
to a staple fastened above the socket on the upright of 
the scales. When the 
hook on the end of thia 
rod is slipped into the 
staple, it lifts the hoop 
to a level position, and 
is of sufficient strength 
to hold a bag of grain. 
The hoop should be high 
enough to allow a bag 
to clear the platform 
of the scales. When 
filled, the hook of the 
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auBtaining rod is released, and lets the hoop tilt down- 
wards, until the bag rests on the platform, A tin 
funnel or hopper may be attached to the hoop, if 
desired, as in the engraving. 

Sack-hoisting Machinery. — Presuming farmeries to 
be constructed in their arrangements aomething more 
nearly to mills and manufactories, there will bo 
required an easy method of hoisting sucka and other 
weights from the lower to the upper floors or granaries. 
A common crane and windlass ia often used, but this 
ia an exceedingly slow process, and not always con- 
venient. 

In flour-mills it is necessary to have the means of 
hoisting with rapidity and eaae the sacks of corn from 
tie lower Soora to the higher, for the i^ucpoae of 
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emptying it into the hoppers for supplying the stonea ; 
or to raise the meal from the bins od the lower fioors 
to the upper, to be passed through the dressing 
machine ; and for this purpose a machine called a 
sack-tackle or hoist is used. It is exceedingly simple, 
and answers the purpose admirably. 

Sack-tackles are constructed in several different 
ways, but the one most in use is as follows : — 

In the roof of the building is placed a wooden frame- 
work, moving with hinges at one end ; across this 
frame is placed a shaft, or spindle, having upon it a 
wheel, or pulley, and a barrel to carry the chain or 
rope ; in a line with the pulley in some direction, and 
upon a shaft always kept running, is placed another 
pulley ; over these two pass a strap, made so loose tbat 
the pulley in motion does not give motion to the other. 
At one end of the sack-tackle frame is a piece of iron, 
set up with a strong spring to press it forward, and 
having a projecting notch or ledge on the face of it. 
We have before observed that one end of the frame was 
movable ; when a sack is required to be hoisted, one 
end of the wooden frame, and with it the shaft carrying 
the pulley and chain-barrel, is lifted ; the strap then 
works tight on both the running and the other pulley, 
and the chain or rope works round the barrel. The 
frame is lifted by a cord running through a small 
pulley above, and passing through a hole in each floor 
beside the sack-traps, through which the sacks are 
hoisted. When the frame is lifted by this cord, it 
passes up the face of the iron spring till it arrives at 
the notch, upon which it rests. The cord by which 
the frame is lifted is called the striking-in line. As 
long as the frame remains on the notch, tteb^i^A stssa.- 
tinues to revolve and wind, u^ 'Cta (3».««s.. 'Tq^sc "^"^ 
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OOiirBe requires aaotber arrangement to again slack the 
strap and stay the action of the winding barrel ; this is 
effected by aimply having a line to draw back, the 
spring, upon which the frame descends to its former 
position. This line is carried down through the floors 
beside the other, and is called the atriking-out line. 
At the lower end of the chain ia a ring large enough 
to admit of the sack being passed through double ; a 
loop is thua formed which takes hold of the neck or tie 
of the sack ; the striking-in line is pulled with a jerk, 
and the sack ascends to the required height; the 
striking-out line is then pulled, and the sack drops on 
to the floor above the traps. 

In some aack-boiats the strap is tightened by a lever 
preaaing againat it ; the frame and barrel then being 
stationary, nothing taking place but the tightening of 
the strap by the lever. 

In others a hollow cone is used, working on to a 
solid one, which is always moving ; but the ordinary 
one we have attempted to describe. 

Weighing Machines. — It ia of course indispensable 
for every farm to he provided with beam and acales, 
or other apparatus, for ascertaining the weight of grain, 
wool, and other commodities, in quantities varying 
from 1 lb, to 3 cwt. But, besides this, it is very 
desirable to have a machine by which not only turnips, 
hay, manures, &c., can be weighed in cartloads, but by 
which also the Kve weight of pigs, sheep, and bullocks 
can be aacertained. 

The common steelyard is a lever of the first order, 
in which the arms are unequal, and the same weight is 
used to weigh difEereut substances by varying its 
distance from the fulcrum. To graduate the eteel- 
j-/irdj Srat Snd the zero subdiviaiou by bTvn^mg the 
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unloaded instrument into equilibrium by shifting the 
weight or counterpoise. Put then on the hook, or in 
the pan, such a number of even pounds as will push 
the counterpoise to the greatest distance it can go on 
its arm for even pounds, and divide the distance 
between this last position and the zero point into as 
many equal parts as there are then pounds on the 
hook. The points of division so obtained are the 
position of the counterpoise for the several pounds up 
to that number, and for half and quarter pounds, &c., 
these divisions must be subdivided. 




This division of our subject embraceB a large assort- 
meiit of machines, including as it does turnip-cutters 
and pulpers, root -washers, oil -cake breakers, corn- 
bruisers, grin ding- mil Is, chaff- cutters, and steaming 
apparatus. No very striking improvements have been 
introduced amongst any of them lately. 

Turnip- CuHers and SHcers.- — Machines of this claaa 
are now largely superseded by the more approved root- 
pulpers, especially where the roots are to he fed mixed 
with chaff or corn. For sheep feeding in the turnip- 
field, however, the turnip-cutter is still, and will 
probably long continue to be, extensively used. 

Two different forms of turnip-cutters are chiefly in 
use at the present time — the barrel and the disc 
forms. 

Of the former class, Gardner's machine in its im- 
proved form is the best. Pig, 48 represents a section 
through the barrel and hopper of a Gardner machine, 
showing the cutting principle. Cylinder turnip- cutters 
were in use long before Gardner patented his machine, 
but they only cut large and very unequal slices. The 
knife in them was extended entirely across the cylinder 
with an unbroken edge, and had the cross knives 
placed under the slicing knife, of which there were 
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two, and raised above the cylinder the thickness of the 
slice cut. 

Gardner's iraprovement consisted in the arrangement 
of the face of the cutting-knife into sections of a width 
equal to the required cut of the root — each knife 




cutting on the front and side edge at right angles with 
it, and placed one ahove another till they meet in the 
centre, the angles of the knife retiring en echelon from 
the front to the centre. Two of these knires are placed 
on the cylinder in the cut, and against the front plate 
is shown a lodge which causes the lastjpiece of the 
turnip to be cut instead of falling through unslit. 
This cutting of the last slice has, however, never been 
fully effected in any but the very latest and most 
improved machines. In Samuelson and Co.'a Improved 
Gardner Turnip-cutter, of which Pig. 49 presents a 
general view, this object is skilfully accomplished. Is^j 
a perforated guard or shield ^xei ■aaft.tftTNKafio. '*^'*' 
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barrel or cylinder, which prevents any piece that may 
escape uncut from the front cutting-plate from falling 
info the baaket with the cut roots, and carries it round 
to the hopper again 
to be forced through 
the knives by other 
roots. The action is 
perfect, and the re- 
sult is a great practi- 
cal improvement in 
the economy of cut- 
ting up roots, as it 
avoids a certain waste 
which has hitherto 
occurred m moat 
machines owing to 
the last portion paas- 
mg into the basket 
— a large piece, or 
nearly all, rmd, and 
which is in consequence refused by the sheep and 
wasted. 

The Gardner machine is made with single-action 
cutters, or with double-action cutters, as wanted to cut 
either for sheep or for cattle, or with reversible motion 
to cut for both sheep and cattle. For cattle the 
machines are fitted with slicing knives only, cutting 
i of an inch thick, and the whole width of the turnip. 
For sheep, the machines are fitted with knives cutting 
finger pieces, each f of an inch wide and | of an inch 
thick. 

All other roots, aa mangolds, carrots, &c., may be 
cut with it equally well, 
Ji is a great convenience to kave the machine 
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mounted on wheels and fitted with large drop handles, 
so that a boy can move it unassisted in the field. 

In the turnip-cutters on the disc principle, a series 
of knives are placed in the face of an iron disc by 
Bcrewa. The turnips are placed in a hopper set at an 
angle, so that they may press by their own weight 
against the disc. 

Fig. 50 is an illustration of Hornsby's Turnip-cutter 
on the disc principle. It will cut as rapidly and with 
even a less expenditure of power than the Gardner 
pattern cutters, with 
less weight to move 
fi'om place to place. 
By a novel arrange- 
ment of the knives 
upon the disc a great 
saving of power is ob- 
tained, together with 
unequalled regularity 
and uniformity in the 
slices. Each knife cuts 
& regular and full- 
sized piece parallel 

from end to end. Slicing knives for cutting slices for 
cattle feeding can be added. It baa a large wrought- 
iron hopper, self-feeding, and screening the roots from 
dirt before passing them to the knives. It is fitted 
with convenient drop handles for carrying, or may be 
had mounted on wheels. 

The Lever Ball Tumip-slicer (Pig. 51) is atill much 
used in Scotland. It cuts the roots in large broad 
slices, and is only adapted for cattle feeding. There 
is but little economy, however, in feeding roots ao 
cut. Experience is every day m-QTe isi. ^%.-sw« -A 
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pulping the roots for cattle and mixing with dry 
food. 

Root-Pulpers. — For bouse feeding, of sheep as well 




Fig. 61. 



as cattle, the pulper ia destined to entirely supersede 
the turnip- cutter, in diatrietB where it haa not done so 
already. 

Pulpers are made both on tbe disc principle and on 
the barrel principle. The former, howeTer, are by fiir 
tbe most extensiTely used, and very excellent machines 
of this class are now produced by many makers. 

Fig, 52 represents one of Richmond & Chandler's 
new Disc Root -pulpers, with the side plate removed, 
showing the arrangement of tbe knives or cutting 
points upon tbe disc. Tbe knives are adjustable to 
pulp coarse or fine as required ; and the shape of the 
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hopper and the positions of the kuivea are auch as to 
insure perfect feeding and a 
regular sample of pulp. 

The pulpers to be worked 
by hand are usually fitted 
with four knives, as in 
the illustration, each knife 
consisting of upwards of 
twenty cutting points. The 
machines intended to he j 
worked by power are fitted 
with six or more knives, ''S' ^^■ 

and have upwards of a hundred cutting points. 





A Barrel Pulper, one of Bentall's iiH^vovfti'cvwiicBJsib, 
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is shoTTii in Fig. 53. Tliis is a large machine for torse, 
steam, or water-power, and is capable of pulping from 
4 to 5 tons of roots per hour. The knives, which are 
of the best steel, are fastened by means of a wooden 
wedge, and can easily be replaced in case of breakage. 
This description of mat-hme is extensively uaed for 
pulping cabbages 

Combined Pulper and Sheer — An exceedingly useful 



1 




Fig 5i 



machine of this class has been brought out by Vipan 
and Headlpy A general view of it is presented in 
Fig. 54. The combined machine consists of two discs 
with reversible hopper, and can be used either for 
pulping or slicing as required. The price of the com- 
bined machine is very little more than that of an 
ordinary pulper or alicer, so that in this respect it 
offers considerable advantage. 
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Root- Washers. — On root-growing fitrniB a machine of 
this kind is very needful at times for dealing with roots 
when covered with dirt. It makes the roots more 
palatable to the stock, and it effects a considerable 
saving in time compared with washing the roots with- 
out the aid of a machine. 

An ordinary practice is to put the roots into a large 
tub of water, and with a stick stir them about. The 
roots of course may be thoroughly washed in this way, 




Fig n6 

but they seldom are. There is no excuse for doing the 
thing badly and in wasting time over it beaidea, when 
such capital machines as those constructed by Richmond 
& Chandler and by Croaskill are to be got at moderate 
prices. 

Richmond & Chandler's Root-washer (Fig. 55) con- 
sists of a trough, within which is a cylindrical cage, 
supported in bearings fitted to the sides of the trough, 
from which rises a curved rack. The spindle of the 
cylindrical cage is fitted with a. 'pm.VoTi. ii(jt\ew^"c^"«^% 
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to the rack. The object of this arrangement is to raise ' 
out and readily discharge the vegetables vhen suffi- ' 
ciently washed. The price is 4 to 5 guineas. 

Crosskill's Archimedean Root-washer (Fig. 56) con- 
sists of an open cylinder, partly immersed in water and 
containing an archimedean screw. The'potatoes, roots, 
or other vegetables, are put in by a hopper, and as long 
as the cylinder is turned in one direction, they remaiu 




in it and are well cleaned, but when the handle ia 
reversed the archimedean screw brings them out of the 
cylinder, without the necessity of lifting it out of the 
water as in the other machine. 

The two legs at one end of this machine are placed 
upon wheels, and at the other end are two barrow- 
handles, which enable it to be wheeled from place to 
place with great ease. The price varies from £6 to 
£8, according to the size of the machine. 
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Pofato-Sfparator. — This is a macliine used for the 
purpose of screening or separating potatoes into sizes 
ready for sale. It ia an exceedingly useful machine 
on farms where potatoes are largely grown, aa aorting 
them properly insures the farmer a greater profit than 
selling them mixed large and small. When this 
sorting is not done by the grower, it ia done by the 
potato dealer, who of courae reaps the additional profit 
thus neglected by the farmer. 

Potato -separators have usually been constructed 



with three sieves or screens of different sized meahesj 
placed one under another, with a shoot to carry the 
potatoea from each screen to a separate receptacle, aa in 
Fig. 57. The screen also entirely frees the potatoes 
from all dirt, straw, or other rubbish. This machine 
is made by the East Yorkshire Cart and Waggon 
Company, Limited, who also supply other kinds of 
potato -aeparators and washers. 
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Oil-Caie Breakerg. — Ihe principle of all' 
machines is that of two rollers, armed ^th knobs oi 
teeth, which can be set to any required distance fron 
each other. They will break oil-cake to any aize Buit- 
able for sheep or catUe. 

Fig. 58 presents a view of Samuelson and Co'a., Im- 
proved Oil - Cake 
Breaker. It is pro- 
viiied with a hea^j 
fly-wheel of large 
diameter, enabling 
it to be worked with 




power. 



I very little 

I The rollers 

readily shifted by 

the aid of a handle, 

and by this means 
the cake can be 
broken into various 
sizea as desired. One 
side of the hopper 
can be set back in 
order that broken 
pieces of cake may 
be fed into it with 
a shovel or by any 
other convenient method. The dust sifts through into 
a tray under the machine, whilst another box receives 
the broken cake. Both of these boxes are provided 
with each machine. The cost complete, is ^£3 Ss, 

Corn-Crus/iers and Grinding-MUh. — Bruised com is 
well known to be more nutritious, and consequently 
more economical, than grain fed in its natural state. 
Oats will go one-half further in measure after. 
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■ashed, while the horse is put into better condi- 
for work at less expense. If fed uncrushcd, oata 
t^e swallowed without mastication, as is obvious from 
c^eir being "voided in a whole state, and consequently 

f little or no benefit to the animal. 
I The most conclusive experiment on this subj ect 
,.B that which was performed by the London Omnibua 
_^Company, who are the owners of 6,000 horses, the one- 
thalf of which were confined to one kind of feeding, 
namely, that of bruised oats, cut hay and straw, and 
the other half to whole oats and hay. The ration 
allowed per day to each horse, according to tbe one 
system was — bruised oats 16 lbs,, cut hay 7j lbs., cut 
straw 2i lbs. The quantity allowed according to the 
old system was — unbruised oats 19 lbs., uncut hay 
13 lbs. There is thus a saving of 6 lbs. ou the feeding 
of each horse, and this saving is not merely in the 
quantity, but in the value of the articles employed, 
for we have straw in the former case substituted for 
hay in the latter. The money advantage in favour of 
bruised oats and cut hay is fully 2Jd. per day for each 
horse, which is equal to £62 lOs. per day for the 6,000 
horsea. And this saving was accomplished without 
any sacrifice whatever, for all the drivers and those 
having charge of the horses agreed that the difference 
in the condition of the horsea was decidedly in favour 
of those fed on bruised oats and cut hay and straw. 

For horsea, fatting beasts and pigs, crushed corn is 
as efficient as fine meal, while the saving in the cost of 
preparation is manifest. 

Kibbling mills intended to break the com only and 
to make as little flour as possible, are, therefore, in 
L moat demand for crushing corn that is to he fed to 
I stock. 
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Very excellent macliiiieB of this class are supplied 
by Riohmond and Chandler, Marshall, Garrett, Ban- 
somes, Bon tall, and other makers. 

A cheap and eflacieot double-action Kibbler by Rioh- 
mond and Chandler is showninFig. 59. The barrel, which 
is of steel, has two cutting edges ; and a cutting plate 
of hard metal is fitted on each side 
of the same, so that when turned 
in one dii'ection it will kibble 
beaua, peas, and maize ; and when 
tm'ned in the opposite direction, 
it will kibble barley and oats. 
The machine is made in larger 
sizes for horse, water, or steam- 
power. It is also made with a 
single - action steel barrel ; in 
which case it is provided with two 
cutting plates of bard metal, one 
L the other for oats ; and the 
hopper is hinged, so that when the plates require 
changing it can easily be turned back. 

Grin ding-mills arc leas useful on the farm, bnt 
where steam-power is employed one of these mills is 
an acquisition, for the farmer can then grind flour for 
domestic use, as well as grind his com into meal for 
his cattle and pigs. 

Nothing has yet been invented which will grind 
com so well as millstones, or that will so thoroughly meal 
it and prepare it for cattle food. English grey stonea 
are suitable for grinding barley, crushing oats, or kib- 
bling maize and beans ; but for producing tine wheaten 
flour, French burr stones are necessary. 

One of Ransome's grinding - mills is shown in 
Fig. 60. It is fitted with a bean-cutter, to crack 




for beans and maize, i 
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peas, maize, &c., to a small size before grind- 



The quantity of corn ground by this machine in a 
[iven time will 
■oTy according 
the required 
leness of the 
iour. With a 
of 48-in. 
.tones, 8 to 13 
ushels of bar- 
ley per hour 
.may be ground 
to fine meal ; if 
only required to 
y'be kibbled or 
^ partially broken 
1^ a much greater 
quantity may 
be done. 

Chaf-Cuiicra. 
— It is unneces- 
sarytosaymiich 

about the many and great advantages to be derived from 
the uHe of the chaff-cutter. The results of feeding with 
cut fodder are bo visible that no stable or feeding shod 
should be without one, however few the animals to be 
fed. 

In all the improved chaff-cutters the knives are 
attached to the radial arms of the fly-wheel, and the 
uncut fodder is brought up to the knives by a very 
effective feeding apparatus, consisting of toothed rollers 
working into each other in such a muiiner as to insure 
a regular feed, and prevent alV claoV.mg, 
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Fig. 61 represents one of Richmond and Cbandler^ 
macbineB, which are naade in sizes adapted either foi 
band, horse, or i 

The mouth-piece is adjnstr 
able, and can be opened o^ 
closed (by means of a simpls 
band-screw on the top) to suit 
the difierent kinds of material 
to be cut. This arrangement 
not only renders choking 
impossibility, but insoreB 
regular sample of chaff. 
Fig. gi. The hopper can he fitted 

with a self-acting endless 
web, an advantage when the machine is worked by 
power and short material has to be cut ; but the great 
assistance afforded by it is more marked in the largeE 
aizea of machinea. 

The old lever and weight are abolished and spiral 
springs substituted, which give an increasing preaanre 
on the feed as it becomes thicker. This is not the caaa 
with the weight or lever. 

Thia machine cuts two lengths without change of 
wheels by merely moving a handle. It can be fitted 
to cut any two lengths of chaff, from J of an inob 
upwards. The long length will always be just doubis 
the short, 

The same handle which alters the length of cut also 
acts as a stop motion, instantaneously arresting tho' 
progress of the rollers. To reverse the motion or 
draw the feed quite back into the hopper the attendant 
has only to pull round the wheel at the end of the 
machine, which can be done while the fly-wbeel ia 
running at full speed. 
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In Crowley and Co'8. Chaff-cutter, Fig. 62 {Samuel 
Edward's patent) the whole of the working arrange- 
ments, namely, stopping, reversing the rollers or feed, 
and varying the 
length of the cut, are 
under the control of 
one starting lever. A 
travelling web or 
feeding apparatus is 
fitted, when re- 
quired, inside the 
hopper of each ma- 
chine, the action of 
which web is also 
under the control of 
the one lever. This 
safety appliance 
offers perfect security to the man feeding. In case of his 
having both hands caught in the feed, his body would 
be drawn against the lever in question, which would 
instantly stop the machine. A further push with the 
shoulder against the same lever reverses the feed and 
frees the man. The largest size of this machine has 
a heavy fly-wheel, upon which are fitted three knives. 
This machine, running at 200 revolutions per minute, 
will cut upwards of 4 tons of ^-in, chaff per hour. 

Any of the larger chaff-cutting machines are suitable 
for cutting up grass or other green stuff to be made 
into ensilage. 

The special Ensilage- cutter (Fig, 63) manufactured 
by Bust, of Winterton, is better adapted for such work. 
It is a large machine fitted with five knives, and a 
roomy feed-board, and is specially adapted for bein^ 
driven direct from the fly-whee\ oi a ■^^^.■iJ^fe > 
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If placed near to the silo, waggons can be driven up 
alongside, and the loads thrown direct on to the cutter 
feed-board, when it will reduce the product treated to 
chaff at a tremendous rate, and also throw it into the 
silo as it is cut, thus saying a great amount of labour. 

This machine can be provided with sifting and bag- 
ging apparatus, and may be used in connection with a 
steam threshing-machine, driven from a pidley on the 
dram-shaft, when the straw, falling from the machine 
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shakers on to the cutter feed-board, is reduced to short 
chaff, has the dust blown from it, and ia delivered into 
bags aa fast as it is threshed. A chaff- elevator, and a 
salt- sprinkler can also be appended to the cutter, when 
it is desired to deliver the chaff direct into the top doors 
of bams or chaff-houses, and to stow it away for future 
use. 

Clayton and Shuttleworth'a Combined Chaff-cutter, 
Sifter, and Bagging-machine, for workingin conjunction 
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with their threshing-machine, has already been alluded 
to. The machine ia illustrated in Fig, 64, It 
of the greatest savers of labour on a large farm, and is 
capable of cutting the straw as fast as it is threshed : 
it not only cuts the chaff, but sifts it, and delivers it 
into bags ready for removal. It does all this, too, 




lifc n 



with fewer hands than would be required to stack the 
straw as it cornea from the thresher, even with the 
help of a straw- elevator. 

Three lengths of chaff can be cut at pleasure by 
simply changing the gear wheels which drive the feed 
rollers; the9elengthaare-f5in-ititt.,ttn<S. ^^^i-", w^NjMyet 
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may be cut in lengths of say 1 in. to 3' in. by removing 
all the knives, except one, from the fly-wheel. 

This machine is equally well adapted as an ensilage- 
cutter, in which case it is driven direct from the fly- 
wheel of a portable engine, instead of by a pulley 
placed on the drum-spindle of the threabing-machine, 
when it is used in connection with the latter. 

Maynard, Crowley, and others, also manufacture 
combined cutting, sifting, and bagging- machines. 

Steam Fwd-Fvejiariitg Apparatus. — The ordinary 
apparatus need for steaming food for stock conaiats of a 
copper or boiler for generating the steam, and a recep- 
tacle into which the food is placed to be acted upon 
by the steam. 

In homesteads where a flxed engine is employed for 
threshing and other purposes, it will probably be con- 
venient to make the same boiler supply the coppers for 
cooking the food. In other cases, a complete steaming 
apparatus to suit the size of the holding may be 
arranged separately. Several of these are now manu- 
factured by different houses, properly constructed for 
the purpose. Among tbese, Barford and Perkins* 
apparatus is to be reckoned one of the heat, simplest, 
and most economical. Being self-contained, it requires 
no briok-work whatever, and can be easily fixed by a 
farm labourer in a few minutes. It is adapted for 
steaming hay, chaff, roots, corn, linseed-meal, and other 
compounds, and for boiling milk and water for pigs, 
horses, and cattle. 

Fig, 65 represents a set of this apparatus, capable of 
steaming all the food for about twenty-four cattle and 
as many piga, at a cost in fuel of less than one shilling 
per day. Thousands of tons of potatoes have been 
steamed bvit at a cost of fuel not exceeding one farthing 
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per cwt. It consists, as will be seen, of a wrought-iron 
steam generator and two 6-bushel revolving root or chaff 
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pana. Where much hot water or milk is wanted, a 
60-gallon strong galvanised- iron compound or boiling 
pan can be substituted for one of the revolving root or 
chaff pans. The price, complete with two pans, is £23. 




AREANGEMENT OF BARN MACHINERY. 

Fixed bam works, although a comparatively recent 
invention, are already becoming a thing of the past. 
The ponderous fixtures found in many barns, especially 
in the northern parts of the kingdom, are now judged 
unnecessary, both on account of their expense, and 
becaoae they absorb too much power for the amount of 
■work they perform. 

As an illustration of how farm customs change, the 
judges' report on Derby Prize-farm Competition in 1881 
mentions that the fixed threshing-machine which the 
tenant of the first-prize farm put up leas than twenty 
years ago is now seldom used. It ia found cheaper to 
hire a portable engine and machine, and thresh the 
stacks where they stand, rather than remove them to 
the bam, although the rick-yard adjoins it. Upon the 
second-prize farm ia a capital fixed chaff-cutter, but it 
is considered more economical to cut up the straw at 
the same time that it is threshed in the field, and to 
remove the chaff in large bags direct to the buildings, 
where it ia safely stored until it is wanted for the 
cattle. 

Beyond the question of convenience, the great 

expense of putting in a fixed engine and threshing- 

zuacbine has made it a matter t\iat fevj ^a-rmeTa cotcA 
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to undertake, seeing that the landowners in many 
cases vould not take them off their hands at valuation, 
and the loss by removal being so considerable. 

Besides, in nearly every case the arrangement of 
fixed bam machinery has had to be made to suit an 
existing tuilding, and cannot, therefore, be said to be 
the best, or so complete as it might be if the building 
were made to suit the machinery. 

For these reasons farmers are now very generally in 
favour of portable engines and movable, or at least 
only semi-fixed, machines. 

As an example of fixed bam machinery, however, 
we give in Figs. 66 to 68 an arrangement planned by 
Messrs. Clayton and Shuttleworth, and which plan they 
have followed in various erections. 

The plan shows the machinery worked by a steam- 
engine, but of course the same arrangement can be 
carried out with water-power where such is available. 

Mode of Transtnittiitg Power. — In the early threshing- 
machine, the power was transmitted through gear, that 
is, through a train of toothed wheels. In the modern 
mnchine the power is taken direct from the fly-wheel 
of the engine to the drum, upon the axle of which is a 
metal sheave ; all the other parts of the machine are 
also driven by belts, so that when it works, noise ia 
reduced to a minimum. 

In some winnowing-macbines also there ia no gearing, 
the motion being communicated to the fan, riddles, and 
screen by means of cords and bands working round 
pulleys, and driven from cranked fan-shaft. 

And where a steam-engine is employed, although 
any single machine ia perhaps best driven direct from 
the fly-wheel, to make a complete and <ioi\Nea\ea'Si^w:iv 
it sboaM be fitted up with an mteTTQfciiB.^^ ^«& ^ikSj. 
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pulleys, from which may be driven not only the 

threBhIng-machine, but all claaaea of food-prepariug 
machines, the circular eaw, the bone-mill, or any other 
machinery requisite for the farm. 

The line ahaft may be carried either by pedestals, or 
in hangers, or on wall-brackets, as is most convenient. 
There are several lines of shafting employed in the 
arrangement of machinery ahown in Fig. 67. 

Horse or cattle gears furnish a convenient arrange- 
ment for driving small machines by animal power. 
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Fig. OS. 

Thia is shown in Fig. 69, where a horse gear by 
Tumor, of Ipswich, \a arranged to work three different 
machines simultaneously. 

As already remarked, it is now outof the question to 
think of threshing a large or even a moderate sized 
farm, with horse-power. On small occupations, how- 
ever, a 1-horse threshing-machine is sometimes worked 
by means of horse gear, as is the case ot 'B,'?«,«vi.^n^^ 
Co'e. small thresher, illustrated in. "EVg-T^- 
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Co^t of Barn JyacAiHe^-y.— The following is an appoxi- 




mate estimate forsteam-enginea and threHhing-machiuee. 
iS;c., for farms of about — "'^^ 
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100 
Acres. 

£ s. d. 

Engine and boiler com- 
plete 71 

Threshing - machine 

and fan .... 42 10 



200 
Acres. 


300 
Acres. 


.£ 8. d. 


£ s. d. 


85 


105 


55 


100 



116 10 147 208 



Com-bruiser. ... 560 770 10 10 

Chafif-cutter .... 600 800 10 00 
Turnip - pulper and 

slicer 550 6 10 7 15 

Grinding-mill ... 16 16 16 16 16 16 

litter-cutter ... — — 650 
Circular saw, spindle, 

and bench ... — — 15 




CHAPTER XIV. 

STACK COOLERS AND ORAW DRYERS. 

The NeilBon system of harveating in the stack Is 
an indispensable help to the making of good hay, 
and enabling the crop to be secured earlier than ia 
possible without the exhaust-fan. No grain, also, 
should be stacked without making arrangementB for 
operating upon the stacks with the fan, as, however 
well com or hay is secured, heating to a greater or less 
extent always takes place, and by applying the fan the 
heated air can be withdrawn from the rick, which will 
improve the colour and aroma of the produce and make 
it more marketable. 

In wet and late seasons, when there is little or no 
sunshine, the harvest fan will be found invaluable in 
enabling the curing of bay and corn crops to be com- 
pleted in the ricks, when otherwise the produce must 
be completely spoilt, or greatly reduced in feeding 
value, by prolonged exposure to rain and weather. 

This method of curing crops is based on the fact that 
air only is needed to dry the corn or hay after it is 
harvested, the sun having already done its work. All 
that remains to be done ia to control the fermentation 
which takes place in all ricks, even when grass or com 
ia put together in neither a very green or damp state. 

Tbo Btuvk ia built with an air-hole or shaft in the 
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centre, and pipes are laid to connect this shaft with a 
Buction-fan or exhauster. When the fan is set going 
it speedily draws off the hot air and moisture from the 
central shaft, and as this creates a partial vacuum the 
external air ia drawn in at all points of the rick, thus 
thoroughly drying the grass or com however wet its 
condition may have been to begin with. 

Fans of various descriptions aro now employed for 
this purpose, most of them workable by hand-power ; 
and being on wheels they aro easily moved, so that one 
of them will answer for a good many ricks. 

The pipes employed to connect the fan with the air- 
shaft are usually of iron, the diameter being 8 or 9 iua. 
The end of the pipe next the air-shaft is fitted with a 
damper which can be opened or shut at will. 

It is unimportant whether the pipes are laid under- 
ground or on the surface of the ground, or at some 
height in the stack ; but the air-ahaft requires to be 
brought well down to tho bottom of the rick, and 
should not be carried within 5 ft. or 6 ft. of the top 
of it. 

An air-hole may be formed by using a corn sack 
stuffed with straw, and drawing it up aa the rick ia 
built, until the required height of the shaft is reached, 
when the sack ia taken out altogether ; or a framework 
of poles and laths may be used for the purpose. 

The cylindrical form of rick ia best, and it must not 
be too large. The smaller the rick the better, espe- 
cially in the case of meadow grass, which, owing to the 
blades being so fine, packs closely and geta very dense. 
It is found that air cannot be rapidly drawn through 
the stack when the radius exceeds 8 ft. or 9 ft. If the 
rick ia a long one it will require an air-ahaft, or boas, 
for every 15 ft. or 20 ft. of lengt\i. 
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The temperature of the stack ia best ascertained hy 
the thermometer- stick, which does away with the neces- 
sity of having one or more thermometer- tube a in every 
rick. In a haystack the temperature should be kept 
below lOff^ Fahr, ; and in a cornatack it should not be 
allowed to exceed 80^"' Fahr. If these temperatures are 
exceeded the fodder and the grain will be injured in 
quality and will lose in substante Whenever, there- 
fore, the temperature of the stack is found to reach 
100*^ or bU , as the case may be, the fan should be 
brought into operation A very short time aufiices to 
bring the heat ot the stack down to the natural tem- 
perature , but the larger the volume of cold air drawn 
through the rick the better 

It IS essential to the success of this method that, in 
haymaking, the grass be thoroughly shaken out m the 
field and allowed to lie a day or two and wither before 
it 18 carried If that is done it may he slacked when 
not qaite dry 
even, though 
that 18 not ad- 
i laable in fine 
weather 

Unlike most 
valuable 
things, this 
one costs very 
httle — the fan 
and all the 
fittings, com- 
plete, not 
more than £10 or £12 ; or about the value of 2| tons 
of hay. 
TLe ill aat. ration (Fig. Tl) showa ti longitudinal sec- 




r 



STACK COOLERS AND GRAIN DRTEKS. 



141 

tion of one of T. Pearson and Co.'s Single-span Iron 
Harvesting Slieda, 90 ft. long by 20 ft. wide and 14 ft. 
liigh to eaves, with hay stacked in bosses each 20 ft. 
long. An underground pipe with branches connects 
the different bosses with the air- vault under the 
! exhaust-fan at one end of the abed. There is a damper, 
with rod to open or close at each boss. Ventilators 
are placed on the top of the roof over each boss. 

The cost of applying Neilson's system to a shed of 
the above dimensions (90 ft. by 20 ft. by 14 ft.), capable 
of harvesting and 
housing about 96 
tons of hay, will be 
as follows : — 

£ H. d. 
Coat o( powerful 

power, capable 
' eilmuBtiiig 



108,01 



cubic ft. 




r per hour 
wbeD going nt 
4,300 Tevolutions 
per minute, vith 
iron fcoBe-pipe for 
eonnectiag with 

reot to uader- 
groimii pipe . . 9 13 
4 dampers, vith 

rod, at 1*8. each 2 16 , , 

100 feet earthen- *■ Cavity in oentre of stack, 

ware piping at "■ Hollow oentre pillar of nck-Btand. 

6d. per toot '..218 c. Underground pipe leading from 

Thermometer, and atackyard to eihaiiBt-fan. 

8 tubes for the "- Underground pipe leading to other 

Bame , . . .260 atacliB. 

EE. Tubes for inserting thennometer 

£]g 11 3 into stack to ascertain heat. 

^^^^^ F. Handle outsido of stack to open or 
cloae damper. 
Damper. 

Fig. 72 sboWB an arrangement lot a. aen.e% q'^ ?,\.%.'2*3s 
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built upon T. Pearson and Co, 'a Vemiin-proof Rick 

Stands, with underground piping. 

Tlie engraving (Fig. 73) ehowa T. Pearson and Co.'s 
Hand - power Fan, 
operating upon a 
stack built upon the 
ground. In this 
case a wooden sliute 
or pipe, D, is laid on 
the ground, one end; 
terminating in th»j 
cavity, a, and ■ 
other at outside 
the stack. The fc 
18 connected witlt^ 
the ahute by 




his 73 



iron knee-pipe, and can be attached or detached to or 
from the pipe in a few minutes, and carried from stacl 
to stuck easily by two men, and is thus available for" 
cooling Buccesaively any number ot stacks. 

The cost of this mode of applying Neilson's system 
will be as follows : — 



ExhauBt-fun, with bnee-iiipq 
Wooden Bhuto, 10 feat long, for 

mth fan, for oach ripfc 
2 iron tubes and thermameler 



As the fan is available for any number of ricka, the 
outlay is proportionately amaller the greater the number 
of ricks operated on. 

Fig. 74 is an illustration of Root's Blower or Ex- 
hauster, vontUating hay, straw, grain, and other ricks. 
It is being worked in connccliun >Nith. barn machinery 
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by one of Bailey's water motorB already mentioned. 
■The blower is made in aizea capable of exhausting from 
40 to 1,000 cubic feet of air per minute, and at a coat 
'oomplete, without the motor power, of from £5 to £20. 
Mr. Gibbs'a syatcm of harvesting is to dry the hay or 
oorn sheaves before going into the ataob. His plan is 




to employ hot air, which is forced into a perforated 
cylinder over which the wet graaa or sheaves are paaaed 
I in the drying chamber, until the forage ia dry enough 
I, lor the stack, Mr. Gibbs bus alao invented a hot-air 
' cylinder for drying grain, tea, &c. ; and various inven- 
tions of a similar kind have lately been patented by 
others for the purpose of drying and purifying damuged 
grain. 
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CHAPTER XV. 



RICE-TAED APPUANCES. 




Rick Sfands. — Fig. 75 shows one of the patent 
wrought-iron Vermin- proof Rick-stands, manufactured 
by Messrs, Bayliss, Jones, and Baylisa. They are made 
oblong or rectangular, as TPell as circular. 

The use of these rick-stands effects an immense saving 
to fanners by preserving grain 
from damp and vermin, and by 
giving perfect ventilation. In 
many cases the expense of the 
outlay is almost covered the first 
year by the saving of grain, and 
the imperishable nature of the 
stands prevents the need of re- 
newing during a lifetime if a little care is taken tti 
paint them every second or third season. 

The oblong rick-atand is suitable for wheat, oats, 
barley, or hay. It is made in the same way as the 
circular stand, no screw, bolt, or pin being required; 
and, like the circular stand, can be very quickly erected 
or taken down by a farm labourer. One advantage 
peculiar to this stand, however, is that it can he 
shortened 6 ft. at a time, as the grain is removed, 
so as to allow carts to get close up to the remaining 
portion of the rick. These oblong stands are also 



Fiff. 75. 
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somewhat lower in price than the circular stands, and 
are better adapted for use under sheds. 

Stacking Machines are now much used, and are of 
two kinds ; (1) the " Horse Pitchfork," which takes 
the hay from the waggon and deposits it on the rick ; 
and (2) the " Straw Elevator," driven in connection 
with the threshing-machine, or separately by a small 
horse-gear. In the latter machine the straw, &c., ia 
thrown into the 
hopper of theele- 
vator, whence it 
is raised to the 
top of the stack 
by means of end- 
less chain- rakers. 
Fig. 76 shows 
Walker's Im- 
proved Horse 

Pitchfork, by Coleman and Morton, and the mode of 
working it. 

Its value in saving labour and expediting the stack- 
ing of hay can scarcely be overrated ; in addition to 
which it has been extensively used for stacking barley 
and straw. 

The fork ia made almost entirely of steel, weighs 
only 8 Iba., and will take up as much hay at a single 
forkful as a horse can raise. It is very simple, not 
liable to get out of order, and can be managed by a 
boy. It will raise the hay to any required elevation 
and deposit it on any part of the stack. 

The directions for working it are as follows : — 

Fix two rick poles, one considerably higher than the 
other, firmly in the ground (and well stayed by guy 
ropes), the shorter one at the end o? 'Ai.a eS-'asS*., 'v^'^ 
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other at a Bufficiont distance to allow of the waggon 
being unloaded midway between the two. 

Fix one pulley at the top, the other near the bottom 
of the high pole. The rope, which should be "-Stha 
of an inch in diameter, must pass through these two 
pulleys, then through the swivel hook pulley, which is 
to carry the fork and stretch acroaa to the other pole, 

Oon which it must he made fast, 
so that when tight it inclines 
toward the stack. 
^ _ A whipple-tree, for a trace- 

jK mj horse, must be attached to the 

W '^^ other end of the rope. 

In unloading the bay the alid- 

iug-puUey is drawn down to the 

top of the load ; the man using 

the fork presses it into the hay 

possible by the lever ; 

the lever is then brought into a 

I perpendicular position, so that 

. the point of the fork forms a 

f right angle (see Fig. 765) ; the 

fork is hooked to the pulley, and, 

the horse being started, the hay 

ia raised aafliciently high for the pulley to slide along. 

the rope to the desired spot over the stack. 

"While the fork is thus elevated, the hand-cord 
attached to the small eccentric lever must ho pulled by 
the man in the waggon, when the hay will be instantly 
discharged upon the stack (see Fig, 76i). 

In unloading, the fork should be inserted alternately 
in the back and front part of the load, the beat method 
of arranging which will be determined by a littld 
experieace. 
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Clay's Patent Piercing Stack Thermometer. — This 
(Fig. 77) is a simple instrument for testing the tempe- 
rature of Btacka, whether of hay or corn. It ia only 
requisite to thrust the instrument into the side of the 
stack, anywhere, and allow it to remain there a short 
time. The thermometer, made specially for this pur- 
pose, being enclosed i: 



an iron tube, readily 
answers to the tem.- 
perature of the stack, 
and on being with- 
drawn the point at 
which the quicksilver 
stands ia easily seen 
through the long 
sight -hole, as shown 
in the engraving. 

A red line is marked 
at 1 70°, at which point 
the heat becomes dan- 
gerous, and the stack 
may soon take fire, the 
actual point of igni- 
tion being about 200°. 
This thermometer ia 
not only useful 
those farmers who 
wish to adopt the new fan system of drying ricks, 
but to all those who desire to have a safe record of the 
temperature of stacks made in the usual way. 

The price of the instrument, with improved bayonet 
point and key, and with registering thermometer in 
brass case, is 27s. Kd. 

Clay's Patent Stack Tester.— 'iK\s, (Fl%. t?.\ Ss. ^ 



Fig. 77. 



Fig, 78. 
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handy instrument for extracting aamples of hay or 
corn from the outaide to the centre of atacks, giving a 
much better idea of the bulb in case of a haystack 
than by merely hooking a email piece out here and 
there with a trial iron ; whilst the taking of a fair 
Bample of com from the heart of the stack is a very 
difficult matter, which this little instrument entirely 



The instrument is made of a fine cold-drawn steel 
tube, with cutters at one end and a cross-handle at the 
other. A hole 2 in. in diameter is cut into the stack, 
by boring the tube into it, and the samples are ex- 
tracted at the outer end, as the work goes on, with 
the small barbed rod uaed in connection with the tabe. 

This tube may be usefully employed for cutting 
holes into large hayetacks for the purpose of inserting 
the thermometer -stick, when such stacks have become 
too solid, near the ground, for thrusting the ther- 
mometer into them by force of hand. 

The price of this stack-tester, 7 ft. long, 2 in. in 
diameter, with cross handle and extracting rod com- 
plete, is about 30s. 

Hay and Straw Compressors. — Various kinds of 
forage-presses are now in use for baling and trussing 
hay and straw. By this means these bulky crops can 
he 80 compressed that five or six tons can be put upon 
a truck instead of two tons as formerly, and thereby a 
great saving in railway carriage is effected, liess 
manual labour is also required than by the old method 
of hand-trussing ; and the machine is very much more 
expeditious. 

Hay-Knife. — The common hay-knife consists of a 
straight blade set at right angles to a short wooden 
iaodJe. It is used for cutting hayot straw when oon- 
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solidated in the stack. An improved hay-knife is 
shown in Fig. 79. This instrument has a serrated 
edge^ and is double handled. It was awarded " First 
Order of Merit " at Melbourne Exhibition in 1880, and 




Fig. 79. 



was also awarded the first premium at the International 
Exhibition in Philadelphia in 1876. It is an American 
invention, known as Weymouth's Patent, and is the 
best knife in use to cut fine feed from bale, to cut 
down mow or stack, or for cutting ensilage from the silo. 




CHAPTER XVI. 

APPLIANCES USED IN FEEDING STOCK. 

Corn-Sim. — Stable bins should be large enough to 
contain a week's supply of com for the number of 
horaes to be fed by one man. For one horse, a 4-bushel 
bin will be large enough, but for a pair of horaes the 
bin should have a capacity equal to 8 to 12 bush. 
Corn-bins are now mostly made of stout rivetted 
wrought iron, of which we give two examples (Figs. 
80 and 81), by the St. Pancras Ironwork Company. 




They are made of varioua shapes to suit different 
positions in the stable or hay-loft. 

Feed-Sijiera atiii Measures.—Figa. 82 and 83 show a 
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sieve used for taking the dust out of corn and chaff 
before giving to the horses. Feed measures are usually 
made in ^ quartern, quartern, and 5 peck sizes. 




Fig. 82. 

Corn-Shoot and Meter. — This useful article (Fig. 84) 
is supplied hy the St. Pancras Company, The meter 
is formed in the lower end of the 
shoot, and ia so constructed that 
only one feed can be taken out at a 
time. It works easily and rapidly. 
The shoot may also be had with 
plain slides without the lever handle. 
ChaiE-shoots may be had on a similar 

Automatic Sorse-Feeder. — A very 
ingenious apparatus of this kind has 
been patented by J, P. Miibourne, 
of Manchester. It is intended to 
deliver ibod to horses at any hour 
in the day or night, thus obviating 
the consequences of un punctuality 
or forgetfulncsB on the part of the 
attendant, and overcoming the evilof 
horses being turned out to work with 
an empty or nearly empty stomach. pig. h4. 

It consists of a shoot or spout, which 
is 6sed over the manger, and some mechanism of 
which a clock forms part. The food is put into the 
shoot over night, and the clock can be set for any 
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hour, on the principle of an alarum, and at the deaired 
time half the food is shot into the maoger, the reet 
falling half an hour later. By a modification, water 
can be supplied at the same time. One apparatus cau 
be used for any number of horaea, provided they are 
stabled in one building or in contiguous buildings, and 
it ia equally applicable of course to cattle -feeding. It 
?ill he found valuable in busy seasons, and in caaes 
where horses come home late at night, and do not re- 
quire all their food or water to be given to them Imme- 




Fig. 86. 

diately. Horsekeepers are thus saved from sitting up 
late at night, or staying with their horses a long time 
after the day's work is over, as they do on farms in 
some parts of the country. It must prove especially 
economical where a large number of horses are kept, as 
at the desired time they can all have their food in the 
manger at the same moment, and thus avoid a great 
amount of neighing, pawing, and uneasiness. In 
stables not having a loft overhead, each manger is 
divided into two parts by a partition, one-half being 
covered by a Hd. The food is placed in the manger. 
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the lids closed, and at the desired time they are opened 
simultaneocsly, and the horses begin to feed. 

Pig-Troughs. — For the pig-aty, the oscillating trough 
is superior to any other. It is usually made 6 ft. long 
and 4 ft. high, with cast-iron ends, prepared either for 
building in a wall or fixing to a railing. The trough 
has a circular bottom with divisions across, and has an 
oscillating flap or door suspended from the upper frame, 
which excludes the pigs from the trough entirely 
whilst the food is being placed in it. 

For open-yard feeding, the improved circular trough, 
with hopper, is the best. It admits of food being 
poured into it while the pigs are feeding. 

Cattle-Cribs. — The galvanized Cattle-crib (Fig. 86) 
manufactured by Messrs. Jones and Bayliss, is a great 
improvement on the old wooden ones, and being made 
entirely of wrought iron, are very strong and durable. 
They are usually made from 3^ to 4 ft. square and 




Fig. 8R. 



Fig. B7. 



9 inches deep ; and at least four full-grown ballocts 
can feed at one and the same time from each crib, A 
great advantage of these cribs is that they are equally 
suitable for feeding cake, meal, roots, chaff, or uncut 
fodder. They are also as serviceable in the pasture 
field as in the cattle-yard. 
The round-lip Pans {Fig, 87), maiWJ.feR.^\«'6&, \i^ 
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Meesre. Eansomes, Head, and Jefferies, are particTJarly 
to be recommeDded for feeding cake, &e., to cattle on 
the pasturea. Being made of cast iron, the pans are so 
weighty as not to be eaaily upset, and the lip prevents 
waste of food otherwise. One pan is allowed to each 
bullock, so that each animal can get its full ebare of 
the food. The pans are made in sizes varying from 
10 to 20 in, in diameter ; and to contain from 1 to 9 
gals, of either food or water. 

SAecpSacks. — This engraving (Fig. 88) represents a 
portable wronght-iron Sheep-rack, by Hill and Smith, 
well worth the attention of formers. It is on fonr 




wheels ; is covered with an iron roof, guttered to carry- 
off the rain at the ends ; and is fitted with a lifting-top 
for the reception of the fodder. It has a trough at 
bottom of wrought iron, 2 ft. wide, extending the 
whole length of the rack, which prevents waste of hay, 
and catches the hay-seed from the rack, and is also 
useful for feeding sheep with corn, oil-cake, salt, or cot 
fodder. It is capable of feeding upwards of a score of 
sheep at once, is very strongly made, to be drawn by 
one horse, and will travel without injury on the road. 

Sheep- Trougfia. — Wrought-iron troughs are now fast 
superseding wood ones for sheep-feeding. Fig. 89 
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shows one of Hill and Smith's iron Sheep-trougha on 
wheels, bo as to be readily drawn about by a lad. It 
can be used for food or for water as required. It ia 



9 feet loDg, and is made with a rod over the centre, 
from end to end, to prevent sheep from jumping over 
or getting into it, and it is so firm that it will not 
upset. 

Calf-Feeder. — Tucker's Calf-feeder, shown in Fig. 
90, is well calculated to facilitate the feeding of calves 
when brought up by hand. It ia simply a tin vessel, 
holding a few quarts of milk, with a gutta-percha teat 
secured on the lid, and the end of the teat-tube almost 
touching the bottom of the pail. The teat has a 
valve, through which the fluid within is drawn by a 
slight pressure of the calf's jaws. The artificial 
Buckler is far preferable to feeding young calves with 
milk in open pails. It is less wasteful to begin with ; 
and the slower process also of drawing out the milk in 
the natural way by suction, instead of drinking it by i 
mouthfula, is more beneficial, I 

These feeders are also used for colts, which take to I 
them readily ; and in the event of a mare dying, or ■ 
being needed for work, they will be found invaluable. | 
In the latter case the dangerous effects of sucking the 
mare when overheated by labour are avoided. 

Lamb-Feeder. — The Lamb-feeder (Fig. 91) ia on the 
same principle as the calf- feeder. It is, howavex ,^'\k& 
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with six or seven teats, bo that six or seven aninuils 
c«n feed from it at one and the same time. It has also 



1 




been sueoeBsfuUy used in the rearing of pigs. Both 
these feeders are supplied by the Aylesbury Dairy 
Company, 



CHAPTER XVIT. 

DAIET APPLIANCES. 

Cow-Milkers. — Over fifty patents have been obtained 
for cow-milking macbines, about fifteen in England 
and forty in America. 

Tbese macbines bave been divided into tbree 
claaaes : — 

Tabe-railkera, ortappera; 

Sucking-much inea ; and 

MechaDical band-milkers, or Bquesi[>ra and Btrippnra. 

Some macbinea are a combination of tbeae classes. 
As yet, however, no one machine can be considered a 
Buccess. Were it otherwise, these machines would 
speedily come into use. Various inventions have, no 
doubt, obtained a partial success in extracting milk 
from tbe udder of the cow ; but until their action is at 
least as thorough and complete as hand-milking, they 
are practically useless. Every cow-keeper knows that 
any milking which is not thorough would soon ruin 
his cows as profitable yielders of milk ; so that, impor- 
tant though a saving of the labour of milking is, it 
must not be purchased by any sacrifice of eflSciency, 

In tbe sucking machines, the milk is drawn from 
the teats precisely after tho manner of the young calf. 
The calf draws a quantity of milk from the cow and 
then stops to swallow. So with the machine-, aaiVt 
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handles are pressed together, the milk flows into the 
pump ; BB they return, it passes out through the valve 
into the pail. 

Milk- Testers. — The instrumentB used for testing milk 
are the thermometer, the cream-gauge, the lactometer, 
the lactoscope, the pioscope, and the lactobutrometer. 
The value of milk-teaters has, however, been but little 
appreciated by British dairy farmers in the past. 

" In all those countries with which British dairy 
farmers have to compete, the farmer would be laughed 
at who would attempt the making of either cheese or 
butter without testing apparatus. A dairymaid would 
be surprised if you proposed to make butter or cheese 
without a thermometer, and even a complete set of 
testing-apparatus, to enable her to go to work scienti- 
fically and successfully." It is therefore satisfactory 
to note "that dairy farmers and town dairymen in 
England are becoming alive to their position in com- 
petition with the Continent of Europe, the United 
States of America, and our colonies." 

The proportion of cream in any sample of millt can 
he deteimined by the cream-gauge, which is simply a 
glass tube, about 5 inches long, graduated from zero 
downwards. Tbe milk to be examined is poured into 
this tube up to zero, and allowed to stand about twelve 
hours, at the end of which time the cream wiU have 
risen to the top, and its percentage may be read off. 
In good milk there should be at least ten per cent, of 
cream. 

This instrument, although very useful to those who 
sell cream, is not reliable in detecting the adulteration 
of milk. 

The lactometer, or hydrometer for milk, indicates 
the specific gravity of milk, that is, the relative differ- 
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ence in weight between milk and water. The specific 
gravity of water is 1,000, and that of milk may be 
taken to average about 1,030. 

The speeific gravity of milk varies, however, not 
merely with tho amount of water it contains, but with 
the amount of butter fat in its composition, and for 
this reason the lactometer used alone is of little or no 
practical value. Ah cream is lighter than milk, and 
of nearly the same specific gravity as water, it follows 
that when milk is very rich or contains a large propor- 
tion of butter fat, its specific gravity is less than the 
ordinary standard, and if tested by the lactometer 
alone might give the idea that it had been watered. A 
cream gauge should therefore always be used in con- 
nection with the lactometer, in order to test the amount 
of cream or butter fat in the milk. 

The best instrument for testing the value of milk 
hitherto invented is the so-called laetoscope. This 
shows, with considerable accuracy, the percentage of 
fat ; and fat being the most valuable constituent of 
milk forms a safe gauge as to the purity and value 
of the milk. 

The action of this instrument depends upon the fact 
that the opacity of milk is chiefly caused by the 
globules of cream. So that when water is added to 
milk until we can see through a certain proportion of 
it, we are able to do so because we separate the cream 
globules to that extent that light can pass through 
between them with a certain degree of cleamess. 
Then, if we measure the amount of water added, we 
have quite an accurate gauge for comparing different 
samples of milk. 

The laetoscope, however, as well as the pioscope and 
the lactobutrometer, is less simple tha.ii. <,V.ii ^s^'skssi. 
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gauge and the lactometer, and therefore less suitable 

for ordinarj' use in the dairy. 

Refrigerator. — Lawrence's Capillary Refrigerator, of 
which we give 
an jlltmtration in 
Fig. 92, is one 
of the most pro- 
fitahle appli- 
ances for the 
dairy. . 

By the aid ol 
these refrigera- 
tors, the miik in- 
tended for tran- 
sit, or for the 
making ofbutter 
or cheeae, may 
be cooled as soon 
as it leaves the 
cow, and before 
any injurious 
change can pos- 
sibly have taken 
place. It is now 

A, wann-Bulk receiver; s, refrigerator: c, milk well known that 

eiit; D, water inlet; e, water exit. .,, ■ i 

milk IS preserved 

in proportion to the rapidity with which it is cooled. 
The esplanotion of this is that, when milk is suddenly 
cooled, the floating germs, which are the cause of 
decomposition, are destroyed, and the milk is conse- 
quently preserved ; whereas if cooled by slow degrees, 
living infusoria will still be found in it. 

By passing warm water through the refrigerator, 
JBsteaA of cold, the temperature of the milk may 
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readily be raised to any degree required, which, in cold 
weather, is a great advantage in clieese -making. 

The refrigerators are made in sizes capable of deal- 
ing with from 80 to 250 gallons of milk per hour, 

Milk'Strainers. — The milk as it cornea from the cow- 
house requires to be put through a strainer to insure 
it being free from straws, &c. The strainers in 
common use are shaped like a cup or bowl, and have 
fine brass wire sieve bottoms, in addition to which a 
straining cloth is sometimes used. 

Milk-Pans. — For shallow setting the pans now most 
recommended are of the pattern shown in Fig. 93. 
They are enamelled white inside, black outside ; cool, 
sweet — being readily cleansed — and presenting a large 
cream surface. Milk pans may be had in white porce- 
lain or in tin. The latter are blocked out of one piece 
of steel, and are without seam or joints. 

Milk-Stands. — The old plan of setting the milk-pan 
upou shelves around the dairy walls is being fast 
abandoned in favour of portable disc stands, after the 
patterns shown in Fig. 93. These are not only port- 
able but revolving disc stands. They utilise space, as 
they can be placed in line or in square ; while the 
revolving discs or tables allow of skimming each pan 
without moving from one position. 

Being portable, they can be placed in the most 
desirable position for ventilation, and for thorough 
cleansing of the milk-bouae walls, which fixed shelves 
do not admit of. 

Deff Setting. — The deep-setting system is coming 
into general favour, and is fast superseding the old 
shallow-pan method of cream- raising. The theorythat 
shallow setting promotes quick rising is exploded, while 
it is now well known that the aouriug q? -ai-^\ft ^-mk. '^ 
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the development of germs wHch 
the atmoBphere, and are sown, like seed, to flouriali 
when they fall on suitable eoil. Of such a soil the 
Bhallow pan exposes a very large area, while the deep 
pans expoBG but little. 

It is claimed by the advocates of the deep-setting 
ayatem that warm milk suddenly immersed in cold or 




Fig, 93. 



iced water, throws up sweeter cream in larger quanti- 
ties, and in less time, than when set in shallow pans. 
It also requires less space, and the butter made from it 
is said to keep better. 

The Smarts St/stem. — The " Swartz " Pan, so named 
after its inventor, was the first deep pan introduced 
Jnto Enghnd. These pans are placed side by side In 
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a trough or cistern filled with cold water (Fig 94), 

and through which, if convenient, a slight stream is 

allowed to flow. The trough, 

with inlet and outlet taps, &c., 

to hold water for immersing 

the pans, may be constructed 

of wood, stone, slate, or brick, 

either above ground or in the 

floor of the dairy. 

Fig. 94 showaa longitudinal 
section, and explaiua the man- 
ner in which the pans and taps 
are arranged. The " Swartz " 
pans, it will be observed, are 
narrow and oval in shape. 
They are made of the best tin- 
plate, with tinned iron bottom 
hoops and handles, and usually 
of a size to contain 40 qts. of 
milk each. 

Cooley Creamers. — Among 
American dairymen Cooley's 
Portable Creamery is much in 
favour for deep setting. Under 
the " Cooley " system the milk 
is strained into cans 20 in. deep 
and 8 in. in diameter, each 
covered with a small inverted pan, and the cans are 
all packed in a closed box, which is then filled with 
cold water, a constant cold stream passing through the 
box, or ice is used to keep the wafer cool, and the puns 
keeping the water out of the milk on the principle ot 
the diving bell. It ia found that all the cream rises 
within twelve hours, end owing to tVe VftTK^"v^'w««' '^'^ 
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the water being kept below 50° the skimmed milk is 

perfectly aweet, and ia used for cheese-making and 
other purposes. 

Fig. 95 is a. tranverse section of the Cooley Creamery, 
The Einimal odours and gases are more effectually 

disposed of hv this 

iifemSmSS'jfem'^ M ^,^, th,a bj any 
other, for the reason 
that the covers do not 
fit closely down on the 
cans, thus securiiig a 
free circulation from 
the milk into the 
water through the air 
conKned under the 
cover; at the same 
time the water most 
effectually seals the 
milk from any contact 
with the atmosphere, 
Fig. B6. and as the milk when 

placed in the cans is 
at a temperature of from 80° to 90°, and the water 
from 45° to 56°, the natural effect is for the odours 
and gases of the milk to rush into the water and be 
immediately absorbed by it. 

To determine the size of a creamer required for a 
dairy of a given number of cows, the following calcu- 
lation will be found approximately correct, reckoning 
the capacity of the cans at 16 qts. each. 
For a dairy of 1 to 3 
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'earner with 8 cons, 128 quarts. 



Cream- Separators. — The aeparation of milk from 
cream, wtich ia alowly effected by gravitation in the 
pan-setting syatems, is brought about instantaneously 
by means of the Centrifugal Cream -Separator, which 
is a machine of comparatively recent iutroduction. It 
consiats, in its simplest form, of a milk drum or 
cylinder, which is made to revolve at a very high 
Bpeed, and in the process the milk being poured in, the 
light cream globules gather around the axis, and are 
drawn off separately, whilst the heavier milk globules 
are thrown outwards towards the circumference, and 
discharged by another pipe. 

This ready method of separating the cream is of 
great importance where sweet cream butter is wanted, 
and still more so where the skim-milk is sold, aa it can 
then be sent off quite fresh, and will, consequently, 
bring a better price. It has been conclusively proved 
that the machine extracts more cream from the milk 
than can be raised by the open-pan system. It is said 
that the machine-extracted cream also yields more 
butter. 

In an extensive aeries of experiments tried in a 
Danish dairy of 200 cows, where the three systems of 
cream -separating were tested, viz., the centrifugal 
machine, the Swartz system of deep cans set in cold 
water or ice, and the shallow-pan system, the results 
of some two years' working were altogether in favour 
of the machine. The average proportion of cream left 
in the milk was only "S-S per cent, of the centrifugal 
system, and occasionally it was as low as "13, while it 
was '62 per cent, with the Swatti ca'Ba,^j.Ti&.''^'fe ■^'^ 
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cent, with tlie sliallow pans. It was stated as the 
result of the whole set of experimeata that the centri- 
fugal Bystem gave over 8 par cent, more butter from 
the same quantity of milk set in ice on the Swartz 
system, and over 10 per cent, more than the ahallow- 
pan system. The best evidence in favour of the 
machine, however, is, that it can extract cream from 
milk that has been previously skimmed on the old 
method. 

It has been observed in diiferent experiments with 
the separator that the skim-milk makes a poorer quality 
of cheese than ordinary skim -milk. This is, of course, 
due, in a great measure at least, to more of the cream 
having been removed. Complaints are occasionally 
made that the aktm-milk from the separator does not 
keep sweet so long as ordinary skim-milk, but this can 
easily be remedied by scalding the skim-milk when it 
is to be kept for any length of time. And, indeed, in 
order to obtain the beet results, milk should be about 
90^ Fahr. when run through the machine. 

A great many varieties of centrifugal cream-sepa- 
rators have been brought out, but only two of them, 
viz. the Swedish or Laval Separator, and the Danish 
Separator, have as yet been favourably reported on in 
this country. 

The Laval Separator, which is perhaps the best- 
known machine, does its work well, and is a cheap 
article, costing only £32, and separating 60 galls, of 
fresh milk per hour ; but the difficulty is, it does not 
seem possible to enlarge or reduce it in size. Its 
revolutions are also very great, and the power required 
to drive it considerable. 

Fig. 96 is a section of this machine. The milk as it 
comes from the cow ia pVEULed. iu o. Ttulk-oan, and' 
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deliTered by means of an ordinary tap into the funnel 
a, and tbrongli the small tube g, connected with the 
fimQel, into the rotating vessel a, which runs at a 




Fig 96 

velocity of 6,000 or 7,000 revolutions per minute To 
the bottom of the funnel is soldered a thin wmg, whioh 
forces the milk to follow the rotation of the vessel. 
As soon as the fresh milk euteift fti« xia\a'W3s.% ■^•aw^i 
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tube I 



an instantaneous separation takes place. The heavier 
portion, or the skim-milk, ia thrown towards the 
oumference of the vessel and forced up the bent 
b, whence it is delivered through the aperture o into 
the lower of two tin trays or covers b, which is pro- 
vided with an outlet pipe. The cream remains nearer 
the centre, rises around the outside of the funnel a, and 
through a small hole in the cylindrical upper part of 
the rotating bowl it delivers itself at e into the upper 
cover 0, whence it is discharged through an outlet 
pipe. 

The opening e is regulated by means of a small screw 
f. In making this hole narrower the cream obtained 
will be thicker. 

The Danish Separator (Fig. 97) is made in two or 




Fig. B7. 



more sizes. It consists of a horizontal drum, in the 
centre of which is a metal cone, and within this the 
driving shaft. 

A section of the machine is shown at Fig. 98. The 
skim-milk escapes at b, and is drawn off by beak and 
tube c and d. The cream when gathered in sufficient 
tbickDem, is drawn off by the beaks, B.iid tube r. 
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If thin cream be required the cream is drawn off 
eontinuoualy, but if thick cream be required Ihe beak 
E is put into work when desired, that is to say, when 
the wall of oream ie seen to be of sufficient thickness. 
This power of regulating the quality of the cream 




is one of the moat valuable points in the Danish 
Separator. 

The latest of these machines is fitted with a regulator 
by which the quantity of cream to be taken off is 
regulated exactly. " Thus, where cheese-making is 
combined with butter- making, it may bti aA^W^^Va "ua 
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leave tbe ekim-milk rich or to sell it rich. To this 
end the milk as it leaves the vat above pours through 
a little vessel, in the two comers of which are tubes 
which screw down into the feeder of the drum. These 
permit a larger or smaller quantity of milk to escape 
into the separator at will, the quantities being marked 
on the rod. When the normal quantity ia let in, the 
cream is all taken ; if more, then the skimmer does the 
same work with a larger volume of milk, so that it 
naturally takes less cream. Another improvement is 
an arrangement by which the revolutions are counted 
pet minute, and this is very exact ; a cogged wheel is 
driven by the revolving shaft, this moving a figure at 
each revolution, and bo on, until, by the aid of the 
watch, hundreds of thousands of revolutions can be 
accurately timed," 

The Danish machine only works at a velocity of 1,800 
to 2,000 revolutions per m.inute. It is capable of 
separating 120 galls, of milk per hour. The cost of a 
machine to do this is about £80. 

Churns. — An immense variety of churns are now 
offered by manufacturers, and new forms are con- 
stantly being introduced, but the best of them differ 
but slightly in principle from one or other of the old 
chums. 

The simplest and oldest form of chum ia the dash- 
churn. This consists of a long narrow tub, tapering 
upwards to allow of tightening by hoops. It haa a 
lid, and in that a small central aperture, through which 
works a staff or handle, having on the bottom of it, 
inside the cylinder, a round disc of wood with a 
number of holes cut in it. The diameter of this disc 
or piston, is something less than the upper diameter of 
the cylinder. The simple motion perpendicularly of 
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the handle upwards and dowawarda works the piston 
at the bottom, through the cream, and agitates it 
BufGciently to cause it to throw up the butter in lumps. 
This churn may be worked by hand or power, but it is 
leas effectiTe than moat of the other churns we have to 
describe, and is 
now in fact sel- 
dom used. 

Hathaway's 
Improved Barrel 
Churn (Fig. 99} 
is a very service- 
able one. It is 
a plain barrel or 
cylinder, having 
a hole in one 
side, through 
which the cream i 
is admitted and -^^ 
the butter ex- 
tracted. Over 
this hole is a plate of metal or wood, which can be 
ecreweddown, apiece of cloth being first placed between 
the parts. In the centre of each end of the barrel are 
securely and accurately fixed two gudgeons or spindles. 
These are placed in proper bearings set upon a strong 
frame, and on one end of the gudgeons, or both, are 
placed winches, by which the barrel is made to 
revolve. In the interior of it, parallel with its axis, 
and secured to it, are pieces of board radiating from 
its centre. These agitate the milk as the barrel is 
turned. 

The chief defects of this chum are a too great 
tendency to carry the milk round v;\^\i.\.Vfe\ift.fs^, ^is^^ 
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the difficulty of getting at the interior to properly- 
clean ae it after churning. 

Another barrel chum h made in which the barrel 
T^mains stationary, and a central shaft, upon which the 
dashers are fixed, is made to revolve. The operation 
is much the same as in the other barrel churn, except 
that in one case the milk is worked against the dashers, 
while in the other the dasher is worked against the milk. 
In the Box Churn the dashers usually revolve on the 
spindle ; but, in cases, the 
chum revolvea, as with 
Hath aw ay 'a barrel chum, 
ihe only difference here 
being that the box chum is 
«juare or rectangular in 
form. 

Fig. 100 represents 
Bradford's " Declivity " 
Box Churn. 

One- half the cover of 
this churn is a fixture, and 
therefore effectually pre- 
vents hack slop or leakage ; while the movable half 
affords ample space for taking out the dash and clean- 
ing the interior. 

The two wood-set screws are to tilt the churn when 
either an unusually small or an exceptionally large 
quantity of crenm has to be churned. In the former 
case the cream is collected at the lowest point of the 
chum and gets the full benefit of the dash, and in the 
latter case the capacity of the chum is largely increased, 
as the cream will not leak at the end of the spindle 
even with a larger quantity — say, one-fourth — than 
tie chum will hold on the level. 
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An essential difference in the various box chums la 
in the shape of the dagher, one form of which is shown 
in Fig. 101. 

For a small dairy of one or two cows the box churn 




Fijj. 101. 

is aa good as any, and can be easily taken to pieces 
and scalded. 

All the recent improvementa in churns are em- 
bodied in Bradford's new patent 
" Diaphragm " Chum (Fig. 102). 
It is made in various sizes, suit- 
able either for hand, horse, or 
steam-power. 

The construction of this churn 
is Tcry simple — octagonal, with 
unequal sides, the interior per- 
fectly plain but having a move- p. ^^^ 
able screen with partitions ao 

arranged that as the butter forms the globules have a 
tendency to aggregate, without risk oE Ik'«a\si% ^^vsoi. 
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violent contact. When the result ia obtaitied the 
diaphragm ia moved, and the butter-milk drawn off. 
The churn is fitted with two diaphragm diviaionB, one 
for churning cream, the other, or converging current 
division, for churning railk. 

Various other churns, too numerous for even a brief 
description, are still largely in use. Amongst these 
are the Midfeather, the Eccentric, and the Cotswing 
churns, the names of which are suggestive of their 
difEerences. 

For a large dairy the " diaphragm " chum is the 
best note in the market. 

Never allow water, whether hot or cold, to remain 
in a churn ; after using, cleanse the churn with a dairy 
brush, and then simply rinse with boiling water, 
leaving the lid off so that the churn may become 
sweet and dry as soon as possible. 

Mechanienl Bvtter-Workers. — The butter-worker is 
one of the most necessary implements in the dairy. It 
is simply a. matter of impossibility to work out all the 
whey from the butter by hand kneading, and the few 
particles not expelled act as a ferment, and prove the 
fertile cause of butter so soon turning sour or con- 
tracting a cheesy flavour. 

These machines work the butter perfectly, and expel 
every particle of whey without the hands having to 
touch it at all, and butter so made commands a better 
price. No dairymaid having once used the butter- 
worker ever dreams of doing or trying to do the same 
work by hand. In all the best butter dairies the 
produce is now turned out without ever once having 
been touched by the hand. 

For very small dairies the Board- an d-Roller Butter- 
worker (Fig. 103) will he very suitable. The open 
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end of the board rests upon a table or other convenient 
support. 

For medium-sized duiriea, Bradford's Improved 




Fig. 103. 
" Turnover " Combined Butter- Worker and Dairy- 
Table {Fig. 104) is recommended. This is a convenient 
and powerfiil butter-worker. The table top folds up 




and covers the butter- worker, and when thia is lifted 
off, there remains a most convenient dairy tabl e for 
general purposes. 
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Fig. 105 gives a view of Bradford's "Springfield" 
Prize Butter- Worker. It differs from the " Embree " 
butter- worker in having its revolving table hollowed 
towards the centre, which allows the whey to fall freely 
through an opening specially provided in the centre, 
the butter being worked upwards by a differential 
motion of the fluted roller towards the outer rim, which 
effects a more efficient working of the butter, and with 
greater certainty, in less time. 

Larger sizes of this machine are made to suit horse 
or steam-power. 

Bullcr- Presses. — It frequently happens that the 
market value of really good butter is depreciated by 
want of skill and taste in the making of it up in sharp, 
well-defined pounds or half-pounds. To simplify and 
insure uniformity in this process, a simple machine, on 
the principle of 
a brick-press, has 
been brought in- 
to use, and will 
in time entirely 
take the place of 
the old wooden 
I hands or butter- 
beaters. With 
these admirable 
presses, even in 
the hands of an 
inexperienced 
person, this desirable market form is secured with 
mechanical certainty. These presses are made with 
round or rectangular prints carved to any design. 
Fig. 106 is an engraving of a butter-press supplied by 
the Ayleshary Dairy Company. 
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Cheeae- Making A.pparuiu». — Considerable improye- 
menta have been made within the last few years in the 
various implements and utensils used in cheese dairies. 
These consist of milk-vats, curd-milla, vat-sievea, curd- 
cutters, curd-shovels, draining- racks, and cheese- presses, 
&c., &c. 

Milk- Vfts, — One of the most recent changes in cheeae- 
making apparatus is the use of square or long vats ia 
place of the old-fashioned round vats. Theaqaare vats 
admit of greater facility in cutting up the ourd. 
These vats have now been exhibited for two or three 




Fig. 107. 



years at the leading dairy shows, and have invariably 
carried off the awards in competitioa with the old 
round ones. 

Curd-Mills.~-Fig. 108 is a drawing of H. Bamford 
and Son's Curd-Mill. AIL the httings and bearings of 
these mills are galvanised, easy of access, and not liable 
to get out of order. The framing is of iron, aud where 
desirable, malleable, instead of the ordinary cast iron 
is used, wrought iron being employed in parts. 

The same mill can be had without the stand, and 
adapted for hxing on the top of a cheese pan or tub. 

Cheeae-Presses. — The varieties in cheese- presses are 
80 numerous that we cannot even attempt to specify 
them all. 
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Fig. 109 repreaenta one of H. Bamford and Son's 
Improved Iron Cheese-Presses, They are made single 
or double. The use of wrought iron where necessary 
gives strength ; they are light, can be easily moved, 




and stand within a small space. There is also the least 
possible labour attending their management; by merely 
turning the screw, the weights are raised and the 
pressure ia then continuous, and does not diminish as 
the cheese sinka by compreeeion. There are four 



weigtta Bupplied, the whole or a portion of wtich can 
be used as the state of the cheese requires. 

An apparatus for making soft cheese is much ueed 




Fig. 100. 



by continental dairymen. It consists simply of a large 
stage with long and short boards for dividing the 
masses of curd to form the cheeses. Special moulds 
and atrainepB are ako used for cream cheese-makiog. 




Skeep-Shears. — The Sheep-shearH in most common use 
liave a single bow spring, witk tke bow and blades all 
one piece. In the engraving (Fig. 110) the shears 
have a double bow united by a 

rivet. The lutter tire the hand 
^^^_^^_____ less than any shears we have ever 
Pig. 110, used. ThisisofgreatimportancB, 

as with the single-bow shears it 
is very difficult to get a pair in which the tension of 
the spring is such as to exactly suit the hand of the 
operator ; whilst it is also necessary to employ shears 
having a spring of greater or less tension as the wool 
may be heavy and strong or thin and light. Again, 
the hand of the workman is stronger in the morning 
when he begins work than towards the close of the day, 
at which time less powerful shears are preferred. It 
has been designed to meet these difficulties by pro- 
viding a movable fulcrum, which may be fixed at any 
point between the sides of a spring having parallel 
sides, 80 that by moving it from one end to the other, 
the tension can be regulated, and a single pair of shears 
thus made to answer all the requirements of the shearer. 
The fulcrum is preferably formed of a short coil of 
nifcj wire, ofu diameter juat Bufficient to ft-M tke s^ace 
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between the sides of the spring, which it clasps on one 
side through the ends of the wire being slightly hooked, 
whilst the elasticity of the coil makes it cling to the 
spring and retains it in its place, allowing it at the same 
time to be easily moved to any desired point. The 
friction of the fulcrum on the two parts of the spring 
further prevents, with the grip of the hand, any ten- 
dency which the blades have to slip by each other, 
commonly known as "buckling." This device is 
equally applicable to shears, the blades of which are 
united by a rivet, it being only necessary to introduce 
a spring on which to attach the fulcrum. 

Sorse-CHppera. — Fig. Ill ia a representation of 





Clark's well-known instrument for clipping horses. 
It has now been many years before the public, and is 
acknowledged to be the best and cheapest ia the 
market. In using this clipper, all that ia necessary ia 
to hold the instrument le^el ani, %\e'aj&.'j otv "^qr ■2«:^q., 
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pushing the lo'n'er blade forward as faet as poeeible, 
while working the upper blade or cutter by aa oscil- 
lating motion. 

Fig, 112 shows a ono-handed clipper, for heads, 
manes, quarters, and difficult parts, leaving one hand 
at liberty to hold the horse, thus enabling the clipping 
to be performed by one man only. Each of these 
machines can be used for sheep-shearing. 

In Clark's larger apparatus for clipping horses or 
sheep, a new principle in mechanics has been developed. 
This is a flexible shaft, through which the power is 
communicated from the driving-wheel to the shears, 
which are kept rapidly clipping as long as the driving- 
wheel turns, no matter in what position they are held, 
nor how much the driving shaft is contorted, even to 
bending it around the animal being clipped or shorn. 
This driving shaft is a spiral brass wire, one end of the 
coil being connected with a small wheel attached to the 
butt of the blades of the shears, and the other to a 
pulley driven by a band on the end of an arm, which 
ia partly flexible, attached to the small frame that 
holds the driving-wheel. On the opposite side are 
another arm and shaft and shears for another shearer, 
each working independent of the other, and the machine, 
it will be seen, can be fitted with a third and fourth 
rod ii required, so that from one to four animals can be 
operated upon at the same time. Or, in clipping s 
horse, by using two driving-rods, one man may clip 
the upper and another the lower and under parts at the 
same time. 

The drawing represents a perspective view of the 
driving apparatus. Each turn of the wheel produces 
32 cuts, and as a boy can easily produce from 80 to 
&0 rerolutiona per minute, the extiaoTdinary speed ia 
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attained of 2,560 cuts per minute, with each driviag- 
rod or set of ehears. 

Hedge-cutting and Trimming Machine. — An ingenious 
machine for cuttiag and trimming hedges has been 
introduced hy Messrs. E. Hornsby and Sons, Limited. 
Ita capabilities have been thoroughly tested on hedges 
of all kinds, with the reaiJt of proving that it is able, 
cheaply and expeditiously, to accomplish what has 
hitherto been a laborious and costly operation. The 
hedges which have been cut by these machines are 
growing well, and have become full growth from the 




bottom to the top. Its general appearance is shown 
in Fig. 113; the following particulars will enable ita 
mode of worting to be clearly understood : — The ma- 
chine is mounted on two road wheels of large diameter 
to secure light draught. Both wheels are employed 
in driving the working parts, the motion being com- 
municated by an arrangement of gearing to one of a 
pair of knives, similar to tho knives of mowers and 
reapers, but larger and of greater strength. These 
knives are carried by a sliding bar projected from the 
side of the machine. This bar witli C:att\ii^ %).-^-^nix'sixia 
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U w uranged as to be capable of ready adjustment to 
suit different circonutances ; the entire machine when 
ket for work being under complete control of tbe man 
in charge, who rides upon a seat conveniently placed 
for making all necessary adjustments. The catting 
apparatus can be raised to any required height to suit 
high or low hedges, or the level of the ground on which 
the machine may be travelling. It can also be sat at 
any required angle, to cut more or less off the hedge, 
and to reduce its height or alter its shape as may be 
desired. Both sides of the hedge may be cut from the 
same side, ao that the machine may be kept on that 
side which is moat convement. The side of the hedge 
uearest the machine is usually cut first, and then the 
bar lifted over the hedge and the angle of the inclina- 
tion reversed, so as to cut the other aide. The top may 
afterwards be trimmed if required (though this is not 
usually necessary), by setting the cutting-bar straight 
out from the machine, and the height the hedge is 
required to be left. The cutter-bar being constructed 
on the same principle as the paragon mower, swinging 
round the crank spindle, will work equally well on 
either side or at the top, and at any angle of inclina- 
tion. The hedge when cut iaA-shaped, of any required 
width at bott-ODO, and of any height. The machine ia 
worked by two horses, and requires only a youth to 
drive, and one man to manage and control the cutting, 
and the work accomplished is about five miles of hedge, 
out on both sides and at the top, per day. 




CHAPTER XIX. 

POIJLTEY-YARD APPLIANCES. 

Incubaton. — Artificial incubators will be found a 
decided adyaatage, especially where very early chickens 
are vauted, or only laying fowls, that ia, non-sitters, 
are kept. 

Fig. 114 is a sectional view of Christy's Patent 
Thermoatatic Incubator, of which our space will afford 
only a very general description. 

A is a valve acting upon b, the mouth of air-ahaft ; 

rod coDnecting valve with the thermostatic band in 
the egg-drawer ; v, the set screw for regulating the tem- 
perature ; E, the screen protecting the valve a and the 
lever ; r is the filling pipe ; h, the top of the chimney, 
in the centre of which ia the boiler ; h' is the circulat- 
ing boiler ; i, lamp screen and stand ; L, air-holes ; M, 
the front of the drawer ; n, the thermometer ; o, the 
lamp ; p, the wood slide to push lamp close up into 
the chimney ; a, the thermoatatic band — when cold it 
follows the dotted line, when working it is pressed 
down at end attached to c by the power of expansion ; 
B, K, circulating pipes ; s, collar fitted at bottom of a ; 
T, evaporating pan, covered by canvas ; v, water-tank. 

The rules for working are as follow : Fill the tank 
with hot water. Light the small lamp and set the 
regulating valve at the heat deaiiifti, M-tex '^s; e,'i,'?^ 
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are placed in the drawer, if the lamp is trimmed morn- 
ing and night, and the egga turned once a day, no 
farther attention is required. 




The perfect ventilation provided in tliia incubator 
renders ita successful working a matter of certainty. 

Rearers. — Fig. 115 shows Christy's Open- Air Rearer, 
which is healed in precisely the same way aa the Incu- 
bator, bj filling it with boiling water through a funnel, 
leaving it for twelve hours, and afterwards keeping up 
the temperature by a supply of boiling water once or 
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twice a day, from one to two gallons each time, or 
more, if necessary. The operator must judge the 
quantity, according to the temperature of the atmo- 
sphere, making allowance for its variations, and also 
proportionately to the number of chicks in the artificial 
mother. The beat temperature to keep up is about 60° 
to 70°, but by pressing the hand up towards the loose 
£annel, Kning the bottom of the cistern, it can be at 




once determined if the heat on the backs of the young 
birds is sufficient or not. 

The first night or two the sliding ventilated zinc 
doors can be closed, if judged advisable, and if the 
weather is very cold ; but afterwards they should 
always be raised during the night, for if the chickens 
feel cramped for space, or too warm under the mother, 
they should be able to go outside into the fresh air. 

Leaving open the zinc slides is also a guarantee 
against the danger of crushing and trampling, as, if 
the weaker ones are pushed by the stronger chicks, 
they simply come out into the tray, run round to the 
other side, and go in there. 
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Cramming Mnchine. — Severttl French Cramming 
Machines exist, but in all of them is the fatnl defect 
that they are only available for liquid food. Fig. 116 



1 

6 i 




ia a sketch by Christy of an English-made Crammer, 
which is sufficiently powerful to feed with almost dry 
food. It is worked with a wheel, which forces a plunger 
down the cylinder and out at the metal mouth into a 
rubber tube pasaed down the mouth of the bird to be 
crammed. I 




CHAPTER XX. 

MrSCELLANEOTJS IMPLEMENTS AND MACHINES. 

Steam Satcing Machinery. — Since tbe introduction 
of light portable engines, the demand for this clasB of 
machinery has largely increased. 

The portahle steam saw-bench illustrated in Fig. 117 
has been spe- 
cially designed 
by E. Garrett 
and Sons to 
suit the 
quirements of J 
landed pro- 
prietors and J 
others fo 
country use. It 
is fitted with 
Lakeman's 

saw-guard, which insures safety for the attendant ; and 
with adjustable fence for cutting parallel or bevelled 
work of every description to the greatest nicety. The 
respective advantages of a fixed and portable saw- 
bench are thus combined, and a most invaluable and 
inexpensive saw-bench for general purposes is pro- 
duced. 

Fig. 118 shows a set of Matahall otiA.^\«.'^ *jBis3«v 
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sawiDg machinery in position cutting up timber at tbe 
place of ita growth. 

This plan of converting timber is found to be highly 
advantageous both in this country and abroad, as each 
part is self-contained and portable, and is very readily 
fixed down. The saw- 
ing machines are 
driven direct from the 
engine through belts 
from two separate fly- 
wheels, and the engine 
being constructed to 
burn wood, chips, and 
sawdust, fuel is sup- 
plied free of cost. The 
pieces of steel, having teeth 
They are made of various 
~ for cut- 




saw a are flat circulai 
cut upon their outer e 



sizes, and shaped for ripping up large stuff o 
ting small wood. 

The saw has a hole in the centre exactly the size of 
the turned end of the spindle upon which it is placed, 
and another disc of iron is screwed upon it, pressing it 
and holding it securely against the other, and in its 
place, so as to run perfectly true. The movable por- 
tion of the bed-plate is then replaced, and rather less 
than half the saw appears above the surface of the table. 
A strap from the engine or from some part of the 
machinery in motion is placed upon the loose pulley 
on the spindle when the saw is required to be naed ; 
the strap is pressed towards the fixed pulley, which, 
from its shape, immediately runs upon and gives motion 
to the saw. It is necessary that the saw should revolve 

t a high speed, or it will not lie effective. 

^oz/tf find Coprolite MUh. — Taa gtludvag; of bones 
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for manure is one of tliose operations that can only be 
well efEected where the steadiug is equipped with a 
Bteam-engine. Steamed or boiled bones are, however, 
much easier to crush than raw bones, and steaming the 
bones in no wise impairs their efficacy when applied 
to the land. On the contrary, steaming or boiling 
renders the bones more readily assimilable as plant 
food ; and, as a quick return is most wanted by the 
farmer, there is no doubt that super-heated bones, 
ground into dust, and drilled in with the seed, is the 
best possible method of using this valuable and highly 
fertilising manure. 

Bone-crushing still continues to be done almost 
quite as a separate business, and the mills are large 
and expensive ; but there is no reason why a small 
bone-miU should not be attached to every steading. 
In the few cases where this is so, they are found 
highly advantageous ; for a greater or less quantity of 
bones can be collected on every farm or picked up in 
the neighbourhood ; and when the farmer has to pur- 
chase the bones he can tell what he is paying for, 
which ia not always the case when he buys prepared 
bone-dust. 

Bone-grinding is effected by passing the bones 
through a series of toothed rollers arranged in pairs, 
the rollers being toothed or serrated in different degrees 
of fineness, and riddles are provided for sifting the 
bones into sizes, and they are then sold as quarter-inch 
bones and bone-dust. 

One of Hall's small bone-mills, for farm use, is 
capable of breaking 3 tons of bones per day with a 
3 horse-power engine, and separate the same into three 
sizes, viz : dust, f, and | in. cubes. 

The distinctive features of thv?. tavW ^tft V^'«K>» ''^ 
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improved method of driving the rolls by a combination 
of differentia] gear and friction, sheave and strap, with 
a better balance of the higb-speed shaft than hereto- 
fore. This enables the rolls to be driven at a greatly^ 
reduced speed over the first motion shaft, thus increas- 
ing the power available for crushing the bones; yet it 
is capable of adjustment by hand, so that whilst crush-- 
ing the hardest bone, it will slip in the event of &■ 
harder substance such as a horseshoe or piece of iron 
getting between the rolls. {2nd) The rolls are made to 
open and close for coarser or finer crushing, and when 
dealing with large bonea they may be expanded by 
turning a couple of screws to rough the bones down 
for further treatment if necessary. (3rd) A revolving 
screen made of perforated steel plate is supplied with 
the machine when required with necessary driving 
gear. (4th) The frame of the mill being in one box 
casting, it is very rigid ; stands finnly to its work, and 
improves the general appearance of the mill. It is 
self-contained, and requires no special foundation to bo 
provided. These mills can be used for a variety of 
purposes in addition to crushing bones, as, for instance, 
in cracking nuts of all kinds where the shell is only t» 
be destroyed and the kernel preserved. This is im- 
portant where oil, &c., is extracted therefrom. 

Price of mill complete, with screening apparatus, 
£60. 

Fig, 119 is a section of Hall's " Victor " Bone-Mill, 
in which will be seen the latest improvements for the 
reduction of bones, necessitated by the demand for a. 
finer quality of crushed bones 

The upper rollers are composed of coarse serrated 
iron rings. One roll is adjustable to and from its' 
fellow for coarsing or finer cruebing, whilst a third 
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pulverizing roll is added imdemeath, composed of 
rings of fine serrated teeth, and running at a high 
speed, and in con- 




the crushed bonea as they fall from the upper pair 

This mill is made in five different sizes, capable ot 
crushing from 2 to 10 tons of bonea ^er da,-^- '^^«. 
price of the smaller size is £%0 . 
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These milla are equally Boitable for grinding copro- 
ite. 
Apple-Milk, — The manofacttire of cider in the 
apple-growing dia- 
tricts, Hereford- 
shire, DevoDBliire, 
&c., is an opera- 
tion of great im- 
portance, and con- 
ducted with all the 
care and attention 
that is bestowed 
upon any other 
process for con- 
verting the pro- 
duce of the land 
into a marketable 
commodity. Older 
is made from the 
juice of the apple. 

The old form of 
apple - mill has a 
wooden cylinder, up- 
on the surface of 
which nails are fixed, 
the sharp heads of 
which project above 
the cylinder about 
one-eight of an inch. 
If^ The apples are filled 
into a hopper placed. 
over the cylinder, and 
led into a narrow cavity at the upper side of it. The 
cj'liDder ia (urned fay hand, iuwae, ot ofliei ^ower, 
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and the apples are reduced to a Hae pomace, grated, 
not pressed. 

An improved Apple-mill, by the Bristol "Waggon 
Works Company, is represented in Fig. 120. It is 
fitted with two pairs of rollers, the top rollers of wood, 
with thirty teeth in each, working opposite each other, 
thus taking a firm grip of the apple, which is crushed 
while passing through to the imder rollers. These are 
of Pennant stone, accurately turned, so as to reduce 
the fruit to a pulp, and to crush the pip ; this is very 
desirahle, as it improves the quality and flavour of the 
cider. The feed can he easily regulated by means of a 
slide in the hopper according to the power. Two men 
will grind easily about ten sacks of apples per hour. 

Cider-Presses. — An improved small screw Cider- 
press, by the same makers, is shown in Fig. 121. It 
is fitted with 3| in. best ■wrought-iron screw and nut, 
and has a strong timber frame secured by wrought- 
iron plates. 

Double-screw presses, on the same principle, are also 
to be obtained. 

Sarness-Brackets. — For heavy cart-horse haruess 
the brackets require to be extra strong. Some excel- 
lent cast-metal fittings of this kind are supplied by the 
St. J'ancras Iron Works. A breeching, bridle, collar, 
and double- rein bracket is allotted to each horse. The 
arrangement shown in Fig, 122 may be varied in ihe 
relative positions of the brackets. When the p;td re- 
quires to be supported instead of huug, a diiferent 
kind of bracket to tBe breeching one shown in the 
figure is used. 

Implement- Racks. — No stable should be without 
these useful appendages for holding forks, shovels, 
brooms, Ac. The racks illustn&.^.eiLm'^S.'^.V^ ■%»»««(. 
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the purpose admirably. By having o. hanging-place 
for the stable implements they can be got when 





wanted ; there is no fear then of their getting amongst 
the horses' feet ; and the stable has a more tidy 
MBttaoe. I 
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317. SEWING MACHINERY : Its Construction, History, &o., ■ 

foil Tecknieal Dire— — '-- -'-—^— '- "- ' '■' ■•— " 

MECHANICAL 

.Mouldine, Caiting, Forgine, Tc— , , >.,, 

thn Sle:tm Engina, &c. llyTHANCis Cammn, C.E. is. 6d.l 
23E>. DETAILS OF MACHINERY. Comprising Instmctions for 
the Eiecution of various Works in Iron in tho Filtinjf-SIioii, Foundi)', and 

j7, THe'sMI'thV AND FOR^E; including the Faiiiec's Art and 
';DachSnxUhinB. By W. J. E.C»a«h. lllnslr.-— ' -- •■- 
IE SHEET-METAL WORKER'S CI 

nok for Tinlnirlhs, Coppcr.milhs, Ziocworkers, 
Working Pattetni. By W, J. E. CliA^B. n. fid. 
L. STEAM AND MACHINERY MANAGEMENT: a 

on Conitruclion and'selKtloo^^By Mf^""-- -"--'""'J''"' 
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MINING, METALLURGY, ETC. 

4, Af/NEtiALOGy,Rn<iiioenliofi a concise View of the PropcHb 
ofMiopnili. By A. Ramsav, Jun. Woodcua nnd Steel Platw. ]ii 

117. SUBTERRANEOUS SURVEYING, Elementary and PraeW 
TiMli.o on, with ind witbmi Iho M.gnMic Nee.ile. By Tmomas Fimra, 
Surve)vT ai HlnpB. and TuouAS Uakub, C.E. llluitraEed. as. 6d.i 

133. METALLURGY OF COPPER ; on Introduction to the Mellioili 
dI Scekiot, Miniag, «Dd Auavin^ Copper, sod MaimbcturiDS it> Alien 
BvKotmBi H. I.AMB011H. Ph.D. Woodcut., m. 6d.t 

135. ELECTRO-METALLURGY; PracUcally Treated. By Attt 
....... w WD o< ., Eighlh Edirion, rfn>ed, wilh additioBsl UOKr 

ir the Use of Mine Manigeis, 

l^^^. MINING TOOLS, ATLASoS Engrarings to Utitstrate the abim, 
contuning >3S Illustiatioiu, dfawo lo Scale. 4(0. 4). 6d.; clethboaidi, to. 

ij6, METALLURGY OF IRON. Containing Hisloiy of Iron Manu- 
facture. MotbQdi ufAiuT. and ATialviin df Iron Onu, Proeeues af "-- 
factirn or Inm and Steel, Inc. By H. Bauerhui. F.O.S. FiAb . 
reirined and enlarged. 53.I 

tBo. COAL AND COAL MINING. Zy Wa»ingtom W. Smith, 
M.A.,F.R.S. Fiflta Edi^os. revised. 'WitlinuinetDui IHustrstSoni. at.iit 

igj. TKff MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE. Kitb sew Traicne Tables, aid Deicriptiaiii of Ic 
InitnunenU; alBotheCorreclPdncinlcBofLajingoat andValuiDC. 
Propirtiei. By WiixiAH Lintbkn. Mining and Civil Eneineer. ja. oi.i 1 

iti.. SLATE AND SLATE ei7rf^.RryjVff, Scientific, Practical, and 
Coromercial. By D. C. Davibs, F.G.S-, Mining Engineer, ftc, ]>.J 

210. MAGNETIC SURVEYING, AND ANGULAR SURVET- 

ING, with Reeorda of lie PecuKflritie! of Needle Dijturbances. C. - - 
bam lbs Koults ai carefully laude Eiperimenla. By W. Lihtsrs. 

ARCHITECTURE, BUILDING, ETC. 

lb. ARCaiTECTURE~ORDESS—The Orders and their .ffisthetie 

Principle!. By W. H. Lbbds. lUastrated. 11. ed. 
17. ARCHITECTURE— STYLES— The History and Descripdc 

Preaent Period. By T. Taibot BuBY, F.RJ.litS., t" IHusSted. 9 
•,■ OBDKas AND finuis O! AacHinciIJiia, ■'•i Oni Co/, 31. 6A 
t8. ARCHITECTURE— DESIGN—Tite Principlea of Design in 
Archileotute,a>deducible from Nature and eiemplifiodin tbfl Workaortha 
Greek and QotblcAichitccts.ByE.L.GARBBTT, Architect. riu9iTated.ia.«d. 
••• Tki Ihrte fnadikr Wirts. ia 0«i handiame Vbl^ half iBimd, amtittU 

"MODBBT. ARCHlTBCTUBE,"/r,«6l. 

11. THE ART OF BUILDING, Rudiments of. General Principit* 

of Conslniction, Uateriali nied in Building, Strenetli and Use of Mstenili,. 
Working Draninga, Speclfiiatmna, and £>t[niatei. By K, DosHin, a>.t 
15. MASONRY AND STONECUTTING ; in which the Principle. 

Wing-'wJl., Dl)mM',''obliqiie*'BnXM^ a^ RonTan md &>thic Vi ■ ' 
ate oiplatncd. By Epward DoBStm, M.K.I.B.A,, Sc. M.6d.( 
41. COTTAGE BUILDING. By C. Bxuce Allsn, Architect 

KInth Edition, rPvlKd and enluged. Numeroui Illuitntiona. i(,6<f 
45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, Bu:. ByG.R. Bdhnell, C.E. Twelfth Edition. ■- '* 
Kg- Til J indicala thai I ktse wis, -may tl *aif ilrawely dauiii at bd. n 
LONDON: CROSBY LOCKWOOH M*B CO.. 



Architecture, Building, etc., continuid. 
57. WARMING AND VENTILATION. An EipDBilion of the 
GeceraJ Principles u applied lo Domestic and Pablic Ruildiogi, Mku, 
Lighlbauses, Shipi, ftc. Hf C. Tdulthsok, F.R.S., &c. Illnstrsted, ji. 

. ARCHES, PIERS, BUTTRESSES. 6'c. .- Experimental Essayi 

-■'-"■■'--"• - -- ^ "■ " "• • ■■ - 6d, 

. The 
Suild«"ByT!RooE"sifii°H°U^.S'.irB^.,ASi^ecr°I11uitralod. it.^d. 

lar. ARCHITECTURAL MODELLING JN PAPER, the Art of. 
By T. A. RlCH*SD50N, Architecl. lILnstiated. is. 6d. 

128. VJTRUVIUS—THB ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. In Ten Books. Translattd from tie tatia bj 
JoaiiPH GwiLT, F.SA., F.RJi..S. With sj P]aK>. 51. 

130. GRECIAN ARCHITECTURE, An Intjuiry into the Principles 

sinOae hanilsome Vol.. half tiimd, nlilild "AmcUHT 

132. THE ERECTION OF DWELLING-HOUSES. Elnstrttedby 
a PoraputiiB View, Plani, Elevations, aad Sectioni of a pair of Scmi- 
dEta<:l]ed Villas, with the SpuiacattDo, QuantiliH. and £stimaCea, kc. By 
S. H. Bbdoks. NpwEdition.witli Plates. 11. 6d.t 

156. QUANTITIES AND MEASUREMENTS.TIov to CalcaMetnd 
TalLs them io Bricklaven', Masons', PlaEteien', Plurnben', Paialen', Papet- 
baaBeis', Gilders', Smiths', CarpEateis', and Joinen' Work. By A. C. 
BbATOH, Architect and Surveyor. New and Enlareed Edition. Ulna. Is. 6d. 

175. LOCXfVOOD &• CO.'S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK, containing the Utest Prices cf all kinds uf Builders' Materials 

by F..T. W^if^EH, Areh^UM:? Puhliihed annually! js.^Sd. T^alf hound! 4S- 

tSt. CARPENTRY AND WINERY— TaR Elehknta&y Pkin. 

" PBNTRV. Chiefly compoaod from tbs Standard V" ' 

..... r-P. with Additions fri— '>- ■«'„,v. .J .1 

, a TREATISE ON J _ _ 

TUBH, M.A. Numerous Ulustrations. 3s. 6d.) 
I8z». CARPENTRY AND JOINERY. ATLAS of 3s Plates to 
■ccompanythaahoYB. Willi Descriptive LellBipreM. ito. 61,; cloth, J5.6d. 
185. THE COMPLETE MEASURER ; \.beUi:3s\aem.ear.QiSoi.xds, 
Glass, to:. ; Uneqnal -sided. Square-sided, Octagonal-ildBd, Round Timber 
and Stone, and Standing Timber, &c. By Ricuard Hortoh, Fuucth 
Edition. 4t. : strongly boond in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. Wigbtwick. 

Nevi Edition. By G. H. QuiUAuua. Illustrated. 31. fid.f 

188. HOUSE PAINTING. GRAINING, MARBLING, AND SIGN 

M'/P/T'/./Vt;.' contalningfuU infunnation on the Processes of HDUse-Paintioj!, 
the Practice of Sign-Wnting, the Principles of Decorative Art, a Coursa of 

-..^.„.*._i-„T=J!....T..:.. Writers, fcc.,ac. Willi a Colourod 

. By Elus A. Davidson. Fourth 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

Poiolicg!' PavlDg, ^fing, Maioi^ls; Slatin'g a'nl' PlMlenng; Practil^i 
Geometry. MeniuratCnn, Sic. By Adau Uauuohd. lllnitisted. II. 6d. 
191. PLUMBING. A Tent-Book lo lie Practice of the Art Or Crafl ot 
■ "■ ' With Chapter! upon House Draioatt. " ' ">--- 

atiooi. By W.P.BuCMKN. ^».6iLlL 



TaOUAS TnEBCn>K. C.E. With Additions bom the Works of As n 



weale's rudimentary series. 



Architecture, Building, etc., continued. 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By Richard E. Grandy. 
Second Edition, Revised, js.t 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Great Pyramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C.,F.R.A.S. 4s. 6d4 

226. THE yOINTS MADE AND USED BY BUILDERS in tho 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill J. Christy, Architect. With upwards of x6o Engravings on Wood. 3s. t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

By E. Wy.vdham Tarn, M.A., Architect.* Second Edition, revised, is. Cd. 

229. ELEMENTARY DECORATION : as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, 8cc. By James W. Facey, Jun. 
Illustrated with Sixty-eight explanatory Engravings. 2s. 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By George Collings. 
Illustrated with Plates and Diagrams, is. 6d, 

247. BUILDING ESTA TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land, including 
the Formation of Streets and Sewers, and the Requirements of Sanitary 
Authorities. By Fowler Maitland, Surveyor. Illustrated, as. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated. 2s. 

252. BRICKWORK : a Practical Treatise, embodying the General 
and Higher Principles] of Bricklaying, Cutting and Setting, 8cc. By F. 
WALKER. Un the Press. 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC- 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 

tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
James Pbakb. Fifth Edition, with Plates and Diagrams, jst 6d4 

53*. SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 
and Practical Principles of the Construction of. By H. A. Sommbrfeldt, 
Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d. 
53«*. AN ATLAS OF ENGRAVINGS to Illustrate the above. Twelve 
large folding plates« Royal 4to, cloth. 7s. 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks : Chain, 
Wire, and Hemp Ropes, 8cc., relative to every class of vessels. By Robert 
Kipping, N.A. Fifteenth Edition. Illustrated. 2s 4 

54*. IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engfineer and Naval Architect. 5th Edition, with Additions. 4s. 

54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it oflF. Part II. On 
Finding the Latitude and Longitude. By Ja \-'Es Greenwood, B.A. To 
which are added, the Deviation and Error of the Compass; Great Circle 
Sailing ; the International (Commercial) Code of Signals : the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
.Storms ; and a Brief Dictionary of Sea Terms. With Coloured Plates of 
FUgs, &c. New, and enlarged edition. B-y \Y. H, Kossrr* as, 6d.t 

4^^ y>fe t t'ftdtcates that these vols, may he had sirongly bound at ^. extra. 
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WE ale's rudimentary series, 
Shipbuilding, Navigation, Marine Engineering, etc., con 

So. MARINE ENGINES, AND STEAM VESSELS. By RoBSRT 
MuBBAr. C.E. Eigbtb Edition. [/» fnparatim. 

%\iis. THE FORMS OF SHIPS AND BOATS: Hints, Experimeni- 

all; Derived, ob SDme of the PiiDcrplH reguJalinE Ship- building. ^1 W. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. Bs Prof. J. R. Yodjjg. Now Edition, including Iho tequijilu 
ElemenES &om the Nautical dlmanai: far KDrkinK tfas Prohlemi. II. 6d. 

iof,. SHIPS' ANCHORS, aTtenlKt 00. By G, Cotsell, N. A. i«.M, 

149. 5..J/£.? AND SAIL-MAKING, an Elementary TreaCiae on. 

With Drauehiine, and (he Cenlro o\ Effort of the SsUi. Alio, Welghti 

and Sim of Ropes ; Masiroe, RiEe^ng, and Sails of Kteam Vesidi, dc, »c. 

Eleventh Edition, eolaieed, with an Appeodit. By KoBlET KlpriHG. &A., 

Sailmafcer, Qmytidc, Newcastle. lUuitrated. 7a.6d,t 

ISS- THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANITLE NAVIES, By a FBACrlCit Engikkkh. Rented by D. 

F. M'Casthv, late of the Ordnaoce Sarvey Office, Soutbampton. ji. 

55 PRACTICAL NAVIGATION. Consisting of The Snilot's 

£ Sea-Book. Bt Jamis Guenwood ud W. H. Kdssbr. Together nllh 

,„. the reqnilite Maiheoiatlcal and Naotical Tablei for the Workiog of tba 

*'*1- Piohlenij. Ky HsNRY L\w.C.E„aiid T. E. yot)Na,forDierlyPto(enot oi 

Matheoiatii^ in Belfast ColleRB. Illn^trated with numeroua Wngd Engriv 

ines and Coloured Flatea. 7s. Stronglr balf-bouodinUathcr, 



LAND, indudineUahleiEliovring the pri^e of woik from 11. 
acre, and other useful Tables. By Abraham Arhan. Sec 
cotrected and extended by C. Nohris, Surveyor, ftc. u. 
. MILLER'S, MERCHANT'S, AND FARMER'S 
RECKONER. With approiii 



141. FARMING &■ FARMING ECONOMY, Notes, Historical and 
Practical, on. iVol...OuTijNHSOF Modern Farhibo.) By H. Scott B urn. 

liS. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 
OuTUHES or MoDBHN Farhino.I ByK.SCDTI Subn. Woodcuts. U. I 

145. DAIRY, PIGS, AND POULTRY, Mannfiement of the. By 

R.Scott Burn. With Notei — -'■- "■ i .^.— t. ,1-,., . r, 

o! Modern Fahminq.) Woo. 

146. UTILIZATION OF SEIVAGE, IRRIGATION, AND 
RECLAMATION OF WASTE LAND. (Vol. s. Outuhes o» Modern 
Fahming.) By R. Scott Bobh. Woodcuts, is. Si. 

*.* NaT. i4a-i->-s-6, M Out Vei,, MamJiamei^ hatf-bnuatl, rnlitUd " OuruHts or 

MousRM Earhino." ByRoBEBiScori Bukn. Price im. 

177, FRUIT TREES. The Scientific and Profitable Culture of. From 

the French of DuBbeuil. Revised by Obo. Glinnv. 1S7 Woodcuts. ]i.6d.t 

19S. SHEEP; THE HISTORY, STRUCTURE. ECONOMY, AND 

DISEASES OF. By W. C. Spoo«eu, M.R.V.C, ftc. Fourlli Edition 

I joi. KITCHEN GARDENING MADE EASY. Slio'wing how t< 
I V^ 'xmI aod^Herb, Sof™B? GBimGn't.^gTcitiL^-i.'^M^h&S "^ ^^ 

I ^ !■■ 



- 2-»,t ,«d,catts thai Ikest vols, may U had ifronttj lic»nit at <»a.._ i^ 
I Sr^ATJONERS' HALL COURT, lASOGKSS- W.\\A., ^-'^ 



S WEALE'S RUDIMENTABY SERIES. I 

Agriculture, Gardening, etc., ^entinued. 

207. OUTLINES of' FARM MANAGEMENT, and tkt Orvani. 

Lilian KfFarm Labour: Traatlae of Iho General Work of the Fa™ i Fida 

iDd Live Stock ; CoDtiact Work; Labaur.&c. By R. Scott Bueh. b. ed.t 
w8. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Trruiting cl the ViLrietiei of Lands. MelTiodi al Famine, Fann Building!, 

Inigaliag, Qrainagr. «ic. By R. Scott Bdhn. u.ed.t 
•>■ Na. U7 &> goB i'n One Vi/l.. kandtomelj half-bvttnd, entitled "OUTT-INIt 

«09. TI{B TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Ktanual on tbe PrDpagalian dT Poresl Tmi, Fruit T 
Flanering Sbnibi, Flowetine Flacti, &c. By SKtivei. Wood, u.t 
aio. TjV^ tree prunes. A PracKcal Mannal on tlie PruniiiE o(. 
Emit Tnci. indudlDg alio their Tiaioiog and RenovaiioDi olio Om Prvaim 
ofSlmilH, Climber, and PlQworinBPlonli. By Samuel Wooo. M.J 
•.* JVot. icig £» no lii Ou Co/., htmibontely Xal/-b«1nd. enhtled "Ths T»1 

PUSTCll, P»Di-AO*T0B,*NDPlllINIB." By S*H1IEL WoOD. Prict il. 

Hi. THE HA y AND STRA W MEASURER : Being New Tables 
for lbs Um af Auctioneer!, Valoeri, Karmen, Hay and Straw Dealen, &c 
Fouilh Ediliao. By John SrsKLB. £i. 

»i2. SUBURBAN FARMING. The i:.aying-oal and Cultivation of 
Farms, adapted to the Produce of Milk, Better, and Cbeeie, Eegi, Ponltiy., 
and Pie.. % Prof. John Dobaldson- -nnd R. ica-n B..^ 3.. 6.!.* 

231. THE ART OF GRAFTING AND BUDDING. By CHARl.aB- 
Bu-iET, With Hlmtrations. a. 6d,t 

232. COTTAGE GARDENING ; or, Flowets, Fruits, and Vegclablej 
for Small Uatdens. ByE.HccDAY. ».6d. 

233. GARDEN RECEIPTS. Edited by Chasxes W. Quis. i! 

234. THE KITCHEN AND MARKET GARDEN. CompileJ] 
by C. W. Shaw, Editor of '■ OardMiing niuitrated." ji.J 

239. DRAINING AND EMBANKING. A Practical Treatit*. em- 

boiiring the moat recent eMperimce in the Application of ImproTed Metboda. 
Hoy2 Agricn"ural Col™ge, SteacMMr." Whbti llluiWalio """S! M. 

240. IRRIGATION AND tVATER SUPPLY. A Treatise on Water 
Meadows, Sowai'e Trrication, Warping, flic. ; an the Canstruction of WeHs, 
Pondi, and Re^enoin; and on Rakiog Wjli.'r t,y Macbineiy for Agritnil- 
tutal and Domestic Purpose;. ByPrDf.jDHNScuiT. Witli 34 Ului. II. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 
Trealiie on the Roads, Tramway., and Waterways of the Farmj tha' 
Pilnciplei of EndDsurest and Uie difleitnt kinds ot Fences, Galea, sad 
Stiles. By Profesmc John Sloii. Witli 75 lllu.irations. u. 6d. 

242. FARM BUILDINGS. A Practical Treatise an the Boilding* 

necessary for varioo) kinds of Farms, their Arrangement and Constroclif-^ 
inclnding Plans and Estimates. B/l^of' Jo"" -i^o^- Wilh loj Illus. 
a^y'BARN IMPLEMENTS AND MACHINES. A Prac(iL__ 
Tre.-itiie on the Application of Pmrer to the Operations of Agrlculliin: and 
nn various Machines used in the Threshine-bani, in thc51nck-rard,and in tU 
Dairy, &0. By Prof. J. Sroir. With llJ^llustraLions. 13. [JmsI puHii&ed 

244. FIELD IMPLEMENTS AND MACHINES. By Profrsso 

Jons SCOIT. Illustrated. [In lilt frea 

245. AGRICULTURAL SURVEYING, LEVELLING, &-c. By 
Prof. John ScroiT. Illustrated. [Ih /At firm, 

tso. M£^T PRODUCTION. A Manual for Producers, DJstribotora, 
ag. Jj-Jqh.v EwAiir. »s.6d.l ^_^_^__^____^^ 

i^T- 7-ix t fndieetts ihal Ihtil tvii. ""y he kad ilr-ms.ly hnmi at 6d . <i:ln.. 
^^K LONDON : CROSBY L0CKW001> KI^U CO., ^^^ 




WEALKS RUDIMENTARY SERIES. 

MATHEMATICS, ARITHMETIC, ETC. 
:. MATHEMATICAL INSTRUMEr^TS, a Treatise on; in which 
le M^thDcli ofTiai 



tiuctiDQ SDd Ibe M^thDcli DfTiallne, Adjusting, and Uiioi 
Ely E.plaiced. By J. F. HutHOH, M.A., of Sic Rgyil ii 
Woolwiob. Orieiail Editicn, {d i vol., Illuslrat<:d. is. fid 

STgld Editim in J wi. (A'ol. 
GiT - - 

irr of Shi 
To whk 



76. DESCRIPTIVE GEOMETRY, an Elementaiy Treatise 
■■ ~ "■ • sdfa ■■ " 



, jf Shadows and of PeranecHve, s.tracWd from Iha Fna. 

ONOB. To which I* idded, a dEscriplion of Ibe Principles and PracKca 

iioolrica] ProJECtion. B7J. F. Hhatheh, M.A. Wilt 14 Plates, as. 

78. PRACTICAL PLANE GEOMETRY: giving [he Simplest 



sir"ttfodof°boG^i'°nd.'^T.".°H""WE"n?M.A."^^^^ 



%\. ARITHMETIC, a Rudimentary Trealiae on : with TuU Eiplana. 

Profesor J, r'!''young. Tenth Edlt'ioo.'iomcled.'T/M. ' "'^ '"■ 
84*. A Key la Ihs above, contain Lng Solulinns in full lo the Eiercises, togethw . 
tvitb CommcnU. Eiplanationi, and Improved PrDcotiei, for the Use oJ 



A Kiv AND 



III parts of AlgBbi 



mplei and Prohlems 
necessary in Algebraical Opevatii 

BB. EUCLID, The Elements o 

gq and Eiplanalory Nolei: Co whi> 
^ Lo^ic. BvHbkkv Law, C.E. 1 

••• Said aha sitambly, vit. .-— 
*■" "--lu. ^yH ■■--'- 



D, The First ThrenBoolu. By Hbsrv I 



. ByHsKSvUiw, C.fe.' 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jakes Hanh. A New EdiUoB, by Professor J. R, Young, is.l 

91. PLANE TRIGONOMETRY, the Elemenls of. By James 

Hask, formerly Mathematical Master of King's College, London, is, Bd. 
9*. SPHERICAL TRIGONOMETRY, the Elements of. By James 
Hann. Revised by Charlhs H. Dowukq, C.E. la. 
•,* OrmM " Thi SItmrnh af Plant Tri^ntmnhy," in One 
91. MENSURATION AND MEASURING. Wilh the Mensuration . 

and Levening of Land for the Purposes of Modern Engineering. Sy T. . 
Bakbh. C.F.. New Edition by E. Nugent, C.E. Illustrated. 11, fid. 

101. DIFFERENTIAL CALCULUS, mEmeots of Oie. ByW.S.B. 

102. INTEGRAL ' CALCm-US', Rudimentary Treatise on the. Bt- 

HoHEBSHAK Coi, B.A. niuitraled. 11. 

105. MNEMONICAL LESSONS. — Grouiltrv, Algebra, ani 

pSJ^'J^-orSl'iiKSAN, ^.A, "tJ^w" *""' ^ 

I3&. ARITHMETIC, Rudimentary, fot the Use oE S-Avwiu. icA ^35, 

Instruction. Hy Jambs Haddqb.M.X, ■ReAi*a-\f) *.- ^-"Wk*- ■""„ 
I3J. A KtY TQ HAr. oOK'a RninMewT AB'. A»n»tf.ifnc. ^-l h.- feM »«iJ^ 



7, stationers' hali. coyTcr, \Asim^'^^ 
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Mathematics, Geometry, etc., continued, 
i68. DRAWING AND MEASURING INSTRUMENTS. Includ- 
ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A. Illustrated, is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa* 
tions. fiy T* F. Heather, M.A. Illustrated, is. 6d. 
%• The above three volumes form an enlargement of the Author's original work^ 
** Mathematical Instrt^ments" (See No. 32 in the Series.)^ 

j(A.\MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. V M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
270.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 2s. ddf.t 
196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F£dor Thoman. 4s.t 
199. INTUITIVE CALCULATIONS; or, Easy Methods of Perform- 
ing the Arithmetical Operations required in Commercial and Business Trans- 
actions ; with Full Explanations of^Decimals and Duodecimals ; Tables, &c. 
By D. O'Gorman. Twenty-fifth Edition, by Prof. J. R. Young. 3s.t 
204. MATHEMATICAL r^i9Z^5, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise o.n Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s.t 
204*. LOGARITHMS. With Mathematical Tables for Trigonometrical. 
Astronomical, and Nautical Calculations. By Henry Law, M.Inst.C.E. New 
and Revised Edition. (Formingpart of the above Work). 3s. {Just published. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and nn Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition. 2s.| 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. By Francis Campin, C.E. Second Edition. is.X 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMLiNSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

i.iNSON. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S. , &c. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 

7*. GALVANISM. By Sir W. Snow Harris. New Edition by 

RoBBRT Sabine, C.E., F.S.A. is. 6d. 
8. Af^ {PA^£ 21SM ; being a concise Exposition of the General Prin- 
ciples of Magnet\c!L\ Science, and the Purposes to "vjVAcIv \t has been applied. 
By Sir W. Snow Harris. New Editvon,, teVise^ axv^ ex^Mtg^Vj »., M. 

NoAD, Ph.D. With 165 Woodcuts. 3s. 6d.^ 

y^i^ t tftiftcafes that these vols, may he had ^ironfdy hound at ^. extro^ 
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ToMUNSDH. llliuttatod. II. 6d. 
;. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
" " , B^ Dr. ." ~ 

"'es. 6d. Cloth'bc 

96. ASTRONOMY. By Ibe late Rev. Robest Maid, M.A. Third 

Editinn, by WiiLUH Thvnss Lvhh, B.A., F.R.A.S. 11. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

CEnCral /arcei. Bf T. Baksb, C.E. II. ed. ' 

13S, TELEGRAPH, Handbook of the; a Guide to [Candidates for 

Employmtnt in the Telreraph Seniee. By It. Bob- ' ■■■ •"'•■— 

Indud]--" — -^ " -— "■--- ^-■' -■ ' 



Appendix by RATf H Tate 



lucludinK QnestiDni od Magnetism, Blertricity, and Piartica.1 Tslegraplij, 
by W. McGaBooa. js.l 

173. PHYSICAL GEOLOGY, partlv based on Major-General Port- 

r.od«'s"Rudim™t6nfGto!og5." BykALraTATi,A.L.a.,(«. WoodcnU. a>. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physii^nl and 

& Hisloricj]. Partly based on Maior-Genfral Pobtldck's '■ BudimenW of 

174. Geology." ByR«i.EHTAta,A.L.S., F.G.S., &e. InOneVDlmnc. 4J.6d.J 

iBj ANIMAL PHYSICS, Handbook of. By Dr. Lardnbk, D.C.L., 

Si fomialji PioiHsor of Nataral PhilDsoptr and Aitronomy in Uoiveraily 

,«. Collegs. Loud. Witb CIO ]]lnstra.tions. In Uno Vol. 71. 6d., cloth boardi. 

iBj. Animal PHV51C5. liy Dt. Lahdneh. Part I., Chaplcn. I.— VII. «- 

ifl^. Amhal Piusica. ByDr. Labunbk. Part II., Cliaylers VllI,— XVIII, jt. 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Yonne 

Stndentiand Ainatean Id Ardiltectam. Painting, lie. ByGeoanaPvNI. ». 

40 GLASS STAINING, AND THE ART OF PAINTING ON 

&4I. GLASS. Frnm tho Gennao nl Dt. GassKBT aad F.makuel OrtD Faou. 

69. MUSIC, A Rndiinentary and Practical Trealise on. Wilh 

71. PIANOFORTE, The Art of Playing the. With numerous Eier- 

ci<ci&LeS!Dns£rDmtlioH=itMastoni. By Cu*atBS CmLn Si-EBcBM. js.6d. 

6^-11. MUSIC 13- THE PIANOFORTE. In one vol. Half bound, js. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mnjaic, Water Colnur, Watfr-Glaa., Tcmpora, Encauitie, Minlatnre, 
Painting on Iiorv. VEllnm, Potltry, Enamel. Gla». He. Witt Hijtoriizai 
Sfcelchtaof the ProgrM. ni tho Art by ThohAs Tobn G HiiicB, awisled by 
Jo>IH TiKBi, F.S.A. Fonrth Fdilinn, reviseil and enlarged, ss.t 

1S6. A GRAMMAR OF COLOURING, appUed to Decorative 
Painting ud UiB Arti. By Gsoana KiiiD. New Edition, enlarged and 
a().ipIciftD theUHOf tbeOmamentaiPattitcrand Duignar. By Ems A. 
IJAVmsoH. Willi two iii.-HColDDredDiaRraiiii,Ki;. 33. t 

246. A DICTIONARY OF PAINTERS. AND HANDBOOK FQR 
PIGTURE AMATEURS; includinB Melliodj nf P*inti.m., e\!«.™*^,^*- 

and Jmilal onofeac&MMtei. B^ PmUBgB^KKfN- i ^-M^ . _- 

- ~~^ '^*'' A.di^-'ltilhc.l that vob. may b, had .troBB ^jay*'^^^!^?^^^ 
7, stationers' HALL COUB.T, lAJ^ti^^*- ■«^'^^— '^"'^ 
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INDUSTRIAL AND USEFUL ARTS. 

13. BRICKS AND TILES, Rudimenlary Treatise on the Manofsc- 

liirsdf. By E. Ddb<dk, M.ICI.fi.A. Illustrated, j>.| 

b^. CLOCKS. WATCHES, AND BELLS, a Rudimentary Treatise , 
DD. BySirEl>uUNDBECKiTT,LL.D.,Q.C. Serentli Edition, [cTiKd »d en- 
la^n^d. 41. (ii- limp ; v. 6d. clotb faoarJi. 
il". CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers dF a. C. Hdbbs, iind Edited \,y Chaklh Tduukeoh, F.R.S. Witk 
AdaitiocibyRoHHst MALiar, M.1.C3. Illiu. 2s.6d. 
161. THE BRASS FOUNDER'S MANUAL; Instniclions " 

KlDdelline, F>tt<1iIi-M:ikiiIE Mpuldlcg, Turning, Filing, Dnniithl 

lot, t'^^IrT OF L^TTER°PaiNTI^G ffTDE^BASY^* 

J. G. Baobhocu. Illuitrat^ vith 12 full-page Engraiiugl of EiampIiM. 
115, T£fE GOLDSMITITS HANDBOOK, conUiniag foil Inslnic- 

Ironi foi tlie Alloyine aod Wolfing oi Gold. Br Geobsi E. Gb>. js.t 
MJ. COACH BUILDING, A Practical Treatise, HiBtorical and 

Dwrintiva, By J, W. IlLiHoisa. is, 6d.J 
iiS, THE SILVERSMITH'S HANDBOOK, containing fuU Iti. 

itructiDDifDrlheAllaviDgaDdWotkiiifEDrSitver. By GEOKr.sE.GEX. 31.) 
lil- PRACTICAL ORGAN BUILDING. By W. E. Dickson, 



MISCELLANEOUS VOLUMES. 
36. A DICTIONARY OF TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING. METALLURGY, ARCHM- 
OLOGy,thi FINE ARTS, bv. By John Wbau ''"" "--- " * ' 
by RoDBBi: Hunt, F.R.S. riuiuatel 5s. limp; 
CO. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By D«vin Gibboss. Tliitd Edition, enlarged. 31.I 
112. MANUAL OF DOMESTIC MEDICINE. By R. GooDlNO, 

B.A., M.D. Intended 31 a Family Goi^- =- -" " ' ' —-■'—' —' 

EmerEODcy. Third Edition. 3eJ 

II2». MANAGEMENT OF HEALTH. A Manual ol Home and 

Personal Hygiene. By.the Kev. Jakes Baibq, B.A. is, 

150, LOGIC, Pure and Applied. By S. H. Emmkns. 

1!,%. SELECTIONS FROM LOCKE'S ESSAYS ON THS 

HUMAN UNDERSTANDING. With Note. iiyS. H. Emhikb. ». 
154. GENERAL HINTS TO EMIGRANTS. Notices of the various 

MIGRANl _ __ _ __ 

:., F.M.S. Second Edition. 

193. HANDBOOK OF FIELD FORTIFICATION, intended Toi the 

" ■' -' "":e« Preparing for Promolioc. By Major "' "■ 

, With 16) Woodcuts, js-t 

101. THE HOUSE MANAGER: Being a Guide to Housekeeping. 
,. _.i__. ^_.,. — Pickling and Preserving, Household Work, DaiiT 



Frartical Cooker);, Pickling at 
Manaeemeat, the Table and Db 
and Wine-makin;, Ihe Houdoir 



■£cnTnpOpcralion!, Slc. By Ak O 

Off (?»-' " --'- ' - 



1 Dre«inn-rooBi, Tiai 



iga. HOUSE BOOK (The). Comprising :— I. Thh Housb Manaokr. 

By an Oui HousniiKBHiR. IT. Domestic Mbdicine. By Raifh GooIn^— ~ 
M.D. III. MANAnEHHNT CI HiALTH. By Jambs Uaird. In One Yt 
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WEALE'S EDUCATIONAL AND CLASSICAL SBRtES. I J 

EDTTCATIOIT AL AND CLASS ICAL SERIES. 

HISTORY. 
1. England, Outlines of the History of; more especially witL 

.sfi-«DC8 10 the Origin and Proetesi of Ih^ English Comtllittion. By 

William Dduolas Hbhilton, F.S.A., of Hor SfiiMly'. Public Record 

Office. 4t)i Edition, revised. 51. ; clutb bo^rJs. is. 
5. Greece, Outlines of the Htstory of; in connection with the 

Eiso of the Arts and Ciiilization in Europe. Ely W. Douglas Hamilton, 

of Unwersity Collage, Loodon, ud Edward Leviin, M.A., of fiallioi 

College, Oilord. 11. 6d. ; cloth bouds, js. 6d. 
7. Rome, Outlines of the History of: from Che Earliest Period 

(0 ths Chiiitlan Eia aod tbo ComDieDcemeiit of Ihs DecliDO of Ihi' Emnirs. 

By Edward LRvratf, of Galliol College, Oiford. Usp,is.Sd.;cl.bds.]i.M 
9. Chronology of History, Art, Literature, and Progress, 

from the Citation of the World to thsCooclusion of the Franco -Gennaii Wat, 

Tlie Conlmoation by W. D. Hamiltob, F.S.A. 35. ; doth boardj, jj. M. 
50. Dates and Events tn English History, for the me o( 

CaadidatainPublicandFriyaleEiaminatiDni. BytbeRev.E. Ranii. ti. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Writlcn, 
With ad iDtroduction to the Stud; of Ccmpatative I'biloloey.' By Hidb 
Clarke, D.CL, Fourth Edition, n. 6d. 
II*. Philology! Handbook of the Comparative PhiloloEv of EnE'ish, 
Atiglo-Saion, Frisian, Flemlali or Dulch, J-ow or Piatt Dutch, High Dutch 
or GenaaD, Danish, Swcdiih, Icelaodic, Lallu, Italian, French, Spimisb, aol 



4B. Composition and Punctuation, familiflrly Explaii 

those who havo neglected the Study of Graaunar. By Justin Liitu.... 
17th Edition. I9.6d. 

tg. Derivative Spelling-Book. ; GivingtheOriginofEvety Word 
from the Greek, Latin, Suon, Gennan, Teutonic, Dntch, French, Siianiib. 

Ry J. RownoIHAH, F.RJ^.S. iDiproved Edition. 11. ed. 
51. The Art of Eitempore Speaking: Hints for the Pulptt, the 
Senate, and the Bar. By M. Bauiaiw, Ticar.General and Prolaasor at the 
Sorbonno. TransialedfromtbeFrench. 7th Edition.caretully corrected. .j.6d. 

?2. Minine and Qiiarrving, wilb Ihe Sciences connected there- 



the Mine 



By T. B, CoLLlHS, F.G.S., Lectort 
■■ anf Devon " 



53. Places and Facts in Political and Physical Geography, 

for Candidate! in Eiaminations. Hy tho Re». EuGAR Raso, B.A. h. 

54, Analytical Chemistry, Qualilative and QaanLilative, a Course 

of. tS which ]• pro6Kd, a Briert-reati^e npon Modem Chemical Nomenela. 
turt and Notation. By Wm. W. Pink and Gbobcb E. Websibh. m. 
THE SCHOOI, MANAGERS' SERIES OF HEADING 

BOOKS, 

EditodbylbeKe*. A. R. Grant, Rector o! Hitcham, and Honoraiy Canon of Ely 1 

foimwly H.M. lotpetlor of School.. 

Inthouuciobv Pwmer, iJ. 

SicoNo' „" " '. ' S 10 Rft" „ '.'.'. I 6 

Tkihp ., . . I o I SntTH „ ...If.. 

7, stationers' HALI- COUB.T, ■UJtKlXT'- "»^VlA.i 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, &c. By Alfred Elwbs. is. 6d. 

26. English- French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in OneVol., 3s. ; 

cloth boards, 3s. 6d. %• Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader ; A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-EngHsh. Part IT. English -Ger- 
man-French. Part III. French-German-English. 3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 
& 39. Grammar (No. 39), in One Volume, cloth boa:rds, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 
23. Italian Triglot Dictionary, wherein the Genders of all the 
Italian and French Nouns are carefully noted down. By Alfred Elwes. 
Vol. 1. Italian-English-French. 2S. 6d. 

30. Italian Triglot Dictionary. By A, Elwes. Vol. 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian-English, as. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 
32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. %• Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, 8tc., with the proper Accents and the Gender of every Noun. 
By Alfrkd Elwes. 5s. ; cloth boards, 6s. %• Or with the Grammar, 
cloth boards, 7s. [Just published. 

HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical ; 
containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings, By Dr. Bresslau. 6s. 

-^<^- j&z3^iisi2 and Hebrew DicUoTvaTY. By Dr. Bresslau. 3s. 
44>4^' liebrew Dictionary (as abo\e'),m'I\voNo\s.,tom^t\ft,mth 

4^"- fbe CrRAMUAR, clotfa boards, 12s. ^^^^_^__^^___. 
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LATIN. 
19, Latin Grammar. Containing the Inflections and Elementary 
Ptirciplei of TransUtion and Cooitioction. HytboRev. Thouas Goobwiw, 
M.A.,UeadM«toioflhoGiMnwicllPropriElii}'SclioDl. IS. 

10. Latin- Engllsti Dictionary, By the Rev. Thomas Goodwin, 
M.A. M. •' ' ' 

12. English'- Latin Dictionary; togetherwilh an Appcndii of 
B i, ..3 luiifln Words which hava their origin from IhB Latin. By tba 

lictionary (as abovi 
)aid9. 4i.0d. VOiwilhlh 
LATIM CLASSICS. With Esplanatoty Notes in English. 
t. Latin Delectus. Conlauung Extracts fr^>m CUsEical Authors, 
vitta GeasAlogical VacBbularies and Eiplanalory Notes, by H. Youhd. is, Qd. 
1. Csesarls CoiDmentaiii deBelloGallico. Notes, and s Geogiapbical 
Ktgister lor llie Use ot Sshoqli. by H. Youso. h. 

3. Cornellca Nepos. WithNotes. ByH.ToDNG. is. 

4. "Viretlll Matonis Bucolica ct Georgica. l^lh Notes on the Buco- 

lics by W. KusuioN, M.A., and on the Ueomics bj H. Young, is. 63. 

5. VirglUi Maronis Jinas, With Notes, Critical and Explanatory. 

by U. YOUKO. Now Edition, reiised and improved With copious Addi- 
lional NotiMbi Rer. T, H. L. Learv, D.C.L., tormerl; Scholar of lliascnuso 
Colloge, OHmd. 3,. 
j; Parti. Boohs i,-^., IS. fid. .,_—_„ 

6. Horace; Odes, Epode, and Carmen S^ulare. Notes by H. 

YODNO. II, 6d. 

7. Horace; Satiies, Epistles, and Ais Poetica. Notes by W, Bhowh- 

RiGQ Shhh, MJV., F.R.CS. is.6d. 
S. Sallnstll Ciispi Cataiina et Belliua Tugurthinnm. Notes, Critica] 

and Eiplanalory, by W, M. DoNKa, lBJl„Trin. Coll., Cam. is, 6d. 

9. Terenlil Andria et Heautontimotumenos. With Notes, Critical 
and Eiplanatoiy, by lbs Rsr. James Uaviss, M,A. is. fid. 

10. Terentli Addphi, Hecyta, Pliormio. Edited; with Notes, Ciilical 

and Explanatory, by the Key. jAMBS UavIES, M,A. is, 

11. Tereotii Eunuchns, ComiEdia. Notes, by Hcv. J. .Davies, M.A, 

11. Clceronls Oratio pio Sexto Roscio Amerino. Edited, wilh an 
Introdoction, AdsIj^s, and Notes, Eiplannlory and Critical, by tbs Rev. 
jAHas Davies, M.A. ii, fid. 

13. Clceronis Otationes in Catilinan:, Verrem, et pro Archia. 

With iotioductioa, Analysis, and Notes, Explanatory and Cii^Cilt, by Rev. 
T. H. L. LsARY, D.C.L. iDtmetly ^scbolai ol Jtraienose College, Oxford. 
IS. fid. 

14. Ciceronis Cato Major, l-^ns, Brutus, sive de Senectute, de Ami- 

ciliii. de Claiii Oratoribnt DIaiogi. Wllb Notes by W. iiaowMBice Sunn, 
M.A., F.R.CJ3. a. 
16. Livy ! History ot Rome. Notes by H. IfouHQ and W. B. Suith, 



19. Latin Versa Selections, liom Catullna, Tibullus, Fropertius. 

enuUiiil. Motes by W. 6. Dohhh, M.A., Trinity CdIIceo, Cambridee. is 

BO. Latin Prosts Selections, from Vano, Columella, Viltuvius 
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GREEK. 
14. Greek Grammar, in accordance wilh Uie Principles and Philo- 

cS™'.''4'.";;'"," S.™" '"'•"' '^"" •'"■■•" '"■ * ="• 

i5,l7.Greek Lexicon. Containing all Ihe Words in Gieneta! Use, i 

tbcir StgnifcatioDi, InBi-ctioni, ajid Doublfu] Quartltin. fiyHmKrR. 

Habilidh. VdI. I. GfBck-Eogliili, M.6d.;Tol. a. EnBlirf,.GrH!t. a "- 

lbiiTwnVDlt.iDOiis,4i.6il.; cloth boudi 51. 

14,15. Greek Lexicon (as above). Compleie, with tbe GBAMMAS.ia 

17. OdeVoI.. clatliboaid], 6>. 

greek: classics, with EjplanatotT Notes in English. 

1. Greek Delectus. Containing Exlrscls from Classical Anthois. 

-ilbGenealogic»lVocabulari«flndE»plii.atD77NDlM.byH.You(<o " ^ 

Edition, will an improved anil anIarecdSupplciiicnIorTVocBbulaiT, 111 

HuTCHiBOH, MJl., of Ibe High ScW, GlaiED». is, £d. 

1,3. Xenophon's Aaabasis; or, The Retieal of the Ten Thousand, 

Hotel and iGeographial EeeiilEr, bj M. youHC. Parti. Books i. " "" 

II. Part I. Book! iv. ID vii., IB. 

4. Lucian's Select Dialogues. The Text caicruUy revised, with 
Gnuamatioil and Eiplanitoiy NoUu, by H. ToitNc. it. 6d. 
j-ij. Homer, The Works of. According to the Text of Baeuulkik; 

AjHmritf-jTrntb PreliaTmaiy'^bsenatioiii and A^eaiUxsTbg^- H. 

Lbakv, MJl., D.C.L. 

Tui Iliad: Farti, Buoki >. tevi., ».Gd. | Part 3. BoDkiiiiL loivlil., la. ( 

Patci. Buokivii.toiii.,i>.ed. Partj. BddIiii!i, toiiiv.. ii.e< 

THBOdtssbi; Parti. Books i. to vi., la. M Part 3. Books liu. to IviH.. u. ( 

Pari I. Booluvll.toili.,is.6d. Fart4. Books lii. to xair., u 



14-17. I-{. ■ ■■ I.L.iii.yol", ttiicliy alter the Test of Gaisfohh 

\' . rv..[ionE .-rnd Appcndic::, and Nolct, Critical ai *' 

III: :. L. Lbakv M„4.,D.C.L. 

1 ..| :. I ...V.l . li.lTio Clio and Eale™e),H. 

ptrt 4! Bouks viiu'ii- {Ab Ura'nia°an'd Calliope) and iadu,'i^6d. 
18. Sophocles: CEdipns Tymnnus. Notes by H. You NO. is. 
w. Sophocles! Antigone. From the Teit of DtNDOR?. Note 

CrillcolandEinlanalQry.bytlieRev. JOHB MlLNBR, B.A, as. 

*3. Eurf pldes i Hecuba and Mi;dea. Chiefly from the Text of Di» 
DOBP. Wilh Notes, Critical and EiplaBatorj, by W. BHOWMaroo =— ■— ■ 



i6. Euripides: Akeslis. Chiefly from the Teit of DiNDOtF. WiO 

Noiti, Critical and Eiplanatorv, by JmiN Milnbb, B.A. 1.. 6d. 
30. .^schylus! Prometbens Vinctus: The PrometbeusBound. Fron 

Iho Tcil of DiNMHF. Edited, with Englisb Notes, Critical and Eiplaop'"-" 

by the Kov. Jambs Davibs, M.A. is. 
». .iEschvluS! Seplem Contra Thebas : The Seven again 

FrcimtbeTE.tof DiNDOBF. Edited, with English Noto., CriB. 

planatoiy, by tie Rev. Jambs Davibs, M.A. is. 
JO. Aristophanes : Achamians. Chiefly from the Text of C. 

^ T,f_.__ '^■r1t!.\. »T-.-_ V... ^ 5 T TniuHpzTrirtan M A »■. fiA. 



43. Xenophon's Panegyric on Agesilaus. Notes and Intro 
4J. n7^osthinls7'Th7o!J^Tj.a^ 1^^^"°^ v^'^\^S-S 



V/tfi £ngi,sh Notes. By Rev.T. H.l..LsKt«.Tl-C.l..,^=" 
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UATHEM/ITICS, MECHAHICS, SCIEHCE, ETC. 
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ENGINEERING, SURVEYING, ETC. 
Humber's Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst. 
C.E., and M. Inst. M.E. Illustrated with 50 Double Platos, 
I Single Plate, Coloured Fronlispiece, and upwards of 150 Wood- 
cutB, and containing 400 pages of Text. Imp. 4to, 6/. &j. elegantly 
and subs tantiaUf half, bound in 



oricd SlttKh pf «mc of the i Machine 



I. Cond. 



—XIII. Dis. 



iW.S 



EvaporaiiQn.— IV. SpriDga and 
bdHng formations of caiioiu d 
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VIII. RoervDJ 
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. PuBipiD£ 
lie and valuable 
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Waler.— XI 
yiMPipai,andHouKFillinE5.— XV. The 
Law »nd Economy of Watfr Worlcs.— 
XVL CoDstant and iDlcrniitlcot Supply. 
—XVII. pescHpion of Plain, —Appeu- 

Vdod^r^c. &C., logoihcr *i°h s'^al- 



RDlherham, Dublin, i 



itbcno produced in 



Engliiih, DC in any oil 

of EnjEiish technical triatifiCL"— £/ffTnf«r. 

Humb^s Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts— Theoretical, Practical, and 
Descriptive. By William Humber, A.-M. Inst. C.E.,aDdM. Inst 
M.E. Third Edition, with I IS Double Plates. In a vols. imp. 410, 
fd, its. fid. half-bound in morocco. 
A book— and innicularl^ a hu^ and i:d^\^ ^eaAuA \ik« ^x. ' 
■ ' ■> -.'■'■ — may ccTUanlv ^ **^^^ ^ 
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Humberts Modem Engineering. 

A RECORD of Ibe PROGKESS of MODERN ENGINEER- 
ING. FLisl Series. Comprising CivU, Mechanical, Muini^ Hj- 
draulic, Kajlwny, Bridge, and other Eiiginecriag Works, Ac Bt 

William Humuer, A.-M. litst. C.E., &c Imp. 410, nitb 
36 Double Plates, dViiwD to 1 large scale, and Portrait (^ Jnlm 
Jlawkihaw. C,E., F.R.S., &c., and desciipiive Lctter-piess, Sped- 
ficallons, &c. 3/. y. half morocco. 

r.isi sfthr Plain imil DiarraiHi, 

''"•". pUtn) ; Bridge over Iht ThamM, W«^ 



Music 
Rgof or 



r. B. (6 plBlei) 
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ndECj Avon (3 platu;; Undergreiui 



Railway (j plaUs). 



HUMBER'S RECORD OF MODERN ENGINEERING. Sectmi 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &c, and descriptive Letterpress, Speci&cation% 
&C. 3/. y. hall morocco. 

Litl qf Ikt Flltit 
Birkenhead Dodi!. Low W»ler Baiin 
''^ platea) ; Charing Cm»b Station F^vif- 
C. Bwlway Ij, p'""='l : Digswell 
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..,.1, G. N, Railway; Rohhery Wood 
Viaduct. G, N. Railway : lion Fenaanent 
Wayl Clydach Viaduci, Menhyr. Tre- 
degar, and Abergavenny Railway ; Ebbw 

HUMBER'S RECORD OF MODERN ENGINEERING. TMrJ 
Series, Imp. 410, with 40 Double Plflles, Portrait of J. R.M'Cleaiij 
Esq., late Pres. InsL C.E., and descriptive Letterpress, Specifica^ 
tiotis, &C. 3/. y. half morocco. 

T.lsl o/lht Fialri laid DiitSTntiis. 

" - -hti plaM: Onl&ll Sewer, R 

nd Oullel (, plalei); pi.tfall & 
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Gale (a plates) ; OvciBow and Oodal 
SavoySireelSe»K{3pUiea): St, ■ 
I^er, Waterloo Brid^ (; pLuu). ^-. 
tionorSewers.Plans and Sections ; GuUi 
Plans and Se«ionE ; RoUinj; Slock . ~ 
ufifjq ^ti4B.—\ju\i.*it LftntT, BermoDdcey -'■ -" ' r— .- 

HUMBER'S RECORD OF MODERN ENGINEERING. FourtL 
Series. Imp, 4I0, with 36 Double Plate^ Portrait of John Fowle^ 
Esq., lute Fres. Inst. C.E., and descriptive letterpress, Spedfia 
tians, &c, 3/, 31. half morocco. 

Llll Bfiht Plali- —' 
Abbey Milts Pumpbig Station, Main 
Drainage, Metropolis (4 plates) ; Borrow 
D«kiTs plat«) : ManquU Viaduct, Sui- 
.-._. . .^ Valparaifio Railway (Bplatss); 
Locomoiive, St. Helen's Canal 
Ranwyr(3plnieiJ; Coi " " ■ 
JicaK Cbarns Cross Railway (3 pla 
JtoxJ Bndge over iht River Mol 



leijl\ 

Crosf Railway (3 platen); 
ige over iht River Moka (a 
sj; ZeJ^graphic ApiiaiaCus ((II Meso- 



Ktamxa ; Viaduct over Lbe River Wyi 
idland Railway (1 plates) : St. German^ 
Viaduct. CnmwalT Railway (a plates) 
'"—-■- '— Cylinder for Diviag Bell 
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Strains in Iron Frameworks, &c. 

GRA?H[C AND ANALYTIC STATICS IN THEORY AND 
COMPARISON. Their Practical Application lo the Tceatment 
of Stresses in Roofg, Solid Giixlera, Lattice, Bowstring and Siu- 
pensioa Bridges, Braced Iron Arcbcs and Fieis, and ottier Frame- 
works. To whicUis added a Chapter on Wind Pressures. By R. 
Hudson Graham, C.E. With numerous Examples, m^y taken 
front eiibting Strnctures. Svj., 161, clolh. 

"Thii Mhaustivo iraiijE is admirably adapted for the archhect acd eagioMr, 
and wiU tend ta weac tlie prsfeA»DD from a ledmul and LtL>DUrcd niide of catcuLl- 
tujiL To prove the accuracy oi the graphical depian^trationi, the author Dompuu 
them with the analytic: funnuls givea by Ranludc. *'-.-£ wAfuafWirwi^ 

Strength of Girders. 

GRAPHIC TABLE for FACILITATING the COMPUTA- 
TION of the WEIGHTS of WROUGHT-IRON and STEEL 
GIRDERS, &c., for Parliamentary and other E^imates. By 
J. H. Watson Buck, M. Inst. C, E. On a Sheet, 21. &/. 

Strains, Formula & Digrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH jcoosisting of Formula: and Corresponding DiagntiTiSi 
with numerous Details for Practical Application, &c. By William 
HUMBER, A.-M. Inst, C.E., &c. Third Edition. Cr. giro, ft. 6d. d. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. SkkIi.ds, 

M.Inst. C.E. Second Edition, with 5 Plates. Roy^Evo, 5^. cloth. 

"ThcsLudcnEcadDot findflbetCef book on this subject thaaSfr.SheildB'.''^£''^Vtffr. 

Barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for applicatiou in Architecture, the Construction of 
Suspension Bridges, Railways, &c By Peter Barlow, F.R.S. 
Revised by his Sons, P, W, and W. H. Barlow. Edited by 
W. HUMBEB, A.-M. lust. C.E. 8vo, iSi. cloth. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. TredgolD; C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, 
&c., of Cast Iron. By L. Hodgkinson, F,R.S. 8vo, izi. cloth. 
*,• Hoogkinsoh's Researches, separate, price 6s. 

Hydraulics. 

HYDRAULIC TABLES, CO- EFFICIENTS, and FORMULA 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivera. With New Formula;, Tables, aad (isMCBi. 
Inromaition on Rain-Iall, CatchmenvBasms, "Ot!ma:^,'£'=«™5F- ■ 
id Water Supply. By J. Nbv\i.\.b, C.^., NL.'S^V^ "T'hb.o- i 



Edition, Revised and Enlarged. Cio'im^vo, \V ^*''. 
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Hydraulics. 

HYDRAULIC MANUAL. Consistine ol Working Tables and 
Eiplonatary Text Intended as > Guide in Hydroolic CalaUatioBt 
aod Field OperatioDs. By Lowis D'A. Jacksok. FouH 
Edition. Rewritten and Enisrged. Large Crown Svo. idr. dafU 
'■We heartaT ncommeDd lhi> vdIuhie w all irtio di^i lo be uqmUnied mli^ 

bileAldctrbpniBnt oFthitiainartaQl luhjccL" — Enguirerinj;. ^3 

bean brought abrcaat afLhc miMt recent prarticc." — Scsfsnipn. 

River Engineering. 

RIVER BARS : The Cuues of their Formation, and their 
nienlby 'Induced Tidil Sconr.'with a Description of the SucceM 
Reduction by this Method of the Bar at Dublin. By L J, MAH 
Assis. Eng. to Ibc Dublin Fort and Docks Board. Kl. Bvo. Js. tdi 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE 
LEVELLING; showing its AppUcation lo Puqioses of Railn 
and Civil Engineering, va the Construction of Roads ; with II 
Telfokd's Rules foe the same. By Frederick W, Siki 
F.G.S., M. InsL C.E. Siith Edition, very carefully revised, ■ 
the addition of Mr. Law's Practical Examples for Setting 
Railway Curves, and Mr, Trautwisr's Field Practice trf I 

out Circular Curves, With 7 Plates and numerous Woodcuts. , 

8j. 6rf. doth. •,• Teautwike on Curves, separate, jj 

Praclical Tumidling. 

PRACTICAL TUNNELLING I Explainingmdetail IheSetfi 
out of the Works, Shaft-smking and Heading-Driving, Ranei 
the Linesand Levelling under Ground, Sub- Excavating, Timbet" 
and tbe Construction of the Brickwork of Tunnels with Iheajnt 
of labour required for, and the Cost of, the various poitiou of 
work. By F. W. SiMMS, M. Inst. C.E. Third Edition, Rerfi 
and Extended. By D, Kjnhear Ciahk, M.I. C.E. Imp. ~"^ 
with 21 Fohbng Plates and numerous Wood Engravings, jps, t 



revised, w 
Setting am 
■s of Layj^ 
>dcuts. 8n^< 
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Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. Bjr Hbnkv Law, M. Inst CX 
Including a Treatise on Hydraulic Engineering, by Geo&gx.' 
BUENELL, M.I.C.E. Seventh Edition, Revised, with laiie ad 
tions, by D. Kinnear Clakk, M. Inst, C.E. -js. dd., dolh. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS: a Catechism of G 
Lighting for Householders, Gasfitters, Millowners, Architee 
Engineers,&c, By R. Wilson, C.E. sndEdiiion. Cr.8vo,sj.< 

Earthwork, 

EARTHWORK TABLES, showing the Contents m Cubic Yai 
of Embankments, Cuttings, &.c., of Heights or Depths tip to 
iveiagt of So feet By Joseph Eromjemit, Ct., «.'n&'¥ULtM 
Cam PIS, C.E. Cr. 8to, oblons, 51. <io&. ^ 
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Tramways and their Working. 

TRAMWAYS : THEIR CONSTRUCTION and WORKING. 
Embracing ^ Comprehensive Hislory of the System, wilh an 
Exhaustive Analysis nf the i-arioos modes of Traction, iDCluding 
Hoisc-poirer, Steam, Heated Water, and Compressed Air ; a 
Deacriplion of the Varieties of Rolling Stock, and Ample Details 
of Cost and Working Expenses ; the Progress recently made in 
Tramway Construction, &c, &c. By D. Kinnear Clakk, M. 
Inst C. E. With over noo Wood Engravings, and 13 Folding 
Plates. 3 vols, Lai^e Crovrn Svo, 30^. dotb. 

'' Ail IdIcrbihI in traoiwayi miiBC refiar to Lt, u alt nulway eo^Ecrs hitvc lurned 
10 Ihe amhor'a wodc ' Railway Machlnerr."" — Thf KiigiHgtr. 

'* The work ii based on fofiaer tiamwaj ejipciitncc, and ia specially valuable in 
L>]«edayE of rapid chan£? and pTogreas." — Ettgittetritt^. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell'a Treatise on Steitm. By D. 
KlNNEAR ClARK, M.I.C.E. Second Edition, iimo, 4J. cloth. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GOODEVB, M.A., Barrister-at-Law, Author of "The Principles 
of Mechanics," "The Elements of Mechanism," &c. Fifth 
Edition. With numerous Illustrations. Crown Svo, 6f. cloth. 
'^Mr. CoodcTVe'fl lext-bock is a work of which ererr young enginEcr should pos- 
UH« hinuelf-"— Af^ufV* 7o-jrHaL 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Ur. Ernst 
Albah. Translated from the German, wilh Notes, by Dr, PuLB, 
F.R.S, Plates. Svo, 161. 6(/., cloth. 

Steam. 

THE SAFE USE OF STEAM 1 contiining Rules for Unpro- 
fessional Steam Users. By an Engineer. 5th Edition. Sewed, 6</. 
'■ ir Meam-uiers would but leani thii Utile book by hurt. boiJet uplasions would 
iKCORie SHiHboDS by Iheir tttXVi.'— English Mtcliamc. 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instnictions for the 
Execution of various Works in Iron, in the Filling-Sliop, Foundry, 
and Boiler- Yard. By FkAScIs CaMPin, C,E. 3j-. (kt. cloth. 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising _ Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manit- 
fiicture of the Steam Engine, &c. By F, Campin, C.E. 3*. cloth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : 3 TheoreUcia end 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. ByF, Campin, C.E. iimo.jr.Gi/. cl, brds. 

Iron Bridges, Girders, Roofs, &c. 

LA TREATISE ON THE JS.¥eiAeKT.\C>-^ O^ "^"^"^ 
TO THE CONSTRUCTION O? mWO^i^S, 5^^?^^^^=!; 
ROOFS. AND OTHER WORKS. B^"S .Cka^"^*' t^.Y-.-vi. - 
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Bridge Construction in Masonry, Timber y & Ircni. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consisting o( 
46 PUtes from the CoDtiacl Drawings nr Admeasurement of sdect 
Works. B/ W. Davis Haskoll, C.E. Second Edition, wild 
theadditionof 554 Estimates, and the Practice of Setting out Work^ 
with 6 pages ol Diagiams. Imp. 4(0, il. 121. 6d, half-ic 
"Aworlinrdu proml nuliiic by a man of Mr. Hukc^l'i iipeH»n.-«-. 

Oblique Bridges. 

A PRACTICAL snd THEORETICAL ESSAY on OBLIQDE 
BRIDGES, with 13 lure PJMes. By the late Geo. Watsom 
BllCK,M.I.C.E. ThitdEdilion, revised by liis Son, J. H-WateoK 
Buck. M.l.C.E. ; and wilh the addition of Dcscriplion to Dii- 
giuns for Facililating the Constniclion of Obliqne £ridees, br 
W. H. Barlow, M.l.C.E. Royal 8vo, iw. doth. 
'* Hie sundard tcAbcDk 1(U all engineen regnrEliiig iWew archf^ ^ '^ - — 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION ol 
OBLIQUE ARCHES. By John Hart. 3rdEd.linp.8vo,&.cloOi. 

Boiler Cojtstruction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK. 
Boiler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Jarrow. Wilh 29 full- 
Lithographic Diagrams. Folio, 2ij, tialf-bound. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By MichaBI. 
Reynolds, M. S. E. Sixlh Edition. Including A KEY TO THE 
LOCOMOTIVE ENGINE. With lUuatrations. Cr. 8vo, 41. 6rf. cL 
■' Mr. Reynolds has supplied h want, and has supplied it w^" — Enginrer. 

The Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 4J-. W. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Pi-actical Manual foe 
Engineers in Charge of Stationary Engines. By Michael Rbt- 
NOLDS. Second Edition, Revised and Enlarged. With Plates 
Woodcuts. Crown 8vo, 4J. 6d. cloth. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Slinirrg Adventures and Inci- 
dents in lie Lives of Locomoti^ Engine- Drivers. By MiCHAEL 
Keynolds. Eigtth Thousand. Crown Svo, zs. cloih. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise -„ 
/ieseveral Sysfemsin Use in ttey tilted K.vns.4(im-, ftictt Cwatt-nxc- 
tioa end Performance. Wifh copious ranswas^ons Koi -BTOatamu 
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Constructwn of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
constnictian of Iron Beams, Pillars, and Bridge Girders, and the 
Action or Heat in the Sraellingl'iuTiace. Ey J, AkmoUH, C.E. 31. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment i Remarks on Fire-Proof Buildings, and the Prcservalion ol 
Life from Fire j Statistics of the Fire Appliaoces in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &:c 
By Charlks F. T, Young, C.K. Demy Byo, U. 41, doth. 

Trigononutrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recoii- 
naissajtce. Levelling, &c, nilh the most useful Pioblems in Geodesy 
and Practical Af^tronomy. By Libut.-Gbn. FftOMB, R.E., late In- 
spector-General of Fortifications. Fourth Eilition, Enlarged, and 
partly Re- written. By Captain CttAtLES Warren, R.E, With 
19 Pktes and 115 Woodcuts, royal 8vo, i6j. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves firorn 5 to aoo Radius. By Aleilvnoer 
BKAZEtJ;v, M. Inst, C.E. Third Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, Jr. 6d. 
' Each CabLs a printed dd a small card, whictC being pTacsci an the BbeDdoULe, leaves 
Ihe hands (ree to manipulate the inatniment-" — ^a^tva'. 

'■ Very ha.idy : a mm may knov that all his day's worlt must &11 on two of ihcM 
^rdi, whkh he puts inia his own ord-Dse. and leavES the rest tKUnd."— 

Pioneer Engineering. iAikiKium. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste I.ands in New 
Countries. By Edward Dobson, A.LC.E. With Plates and 
Wood Engravings. Revised Edition. l2mo, 51. clollu 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographfc, and Submarine 
Surveying and I-evelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In I Vol., demy 8vo, \l. y., d. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS, 
By J, n. Watson Buck, M. Inst. C.E., &c. Illustrated with Fold- 
ing Plates, Royal 8vo, rat. cloth. 
" Many of thenwlhoda givca arc o(t3nretnE\ffW:^«:iN»\Mtva'&*fl 



S WORKS IN ENGINEERING, SURVEYING, ETC., 

Survey Practice. 

AID TO SURVEY PRACTICE: for Referenee in SnrvCTiiiR 
Levelling, Selling-out and in Route Surveyi of TraTcUcrs by land 
and Sea. With Tables, Illnsttalions, and Records. By Lowts 
D'A. J[ACKSON, A.-M.I.G.E. Author of "Hydraulic Manuid nod 
Statistics," &c 1.3rge crown Svo, I2i. 6d., cloth. 

Icdgn of baakiniLkiiig, sodbt huuliliscd barh thrae acquiicmcnu with ■ very UMful 
result. The volume aiicn ihe ground it occupies very iliotoushi)'."— i'»fM«rfv. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising; — I. Some of the mote Comnum 
Fonns of Nuisance and Iheir Remedies ; 3. Dminagc ; 3. Water 
Supply. By CICAS. SI.AGG, Assoc M, Inst C.E. Second Edition, 
Revised and Enlarced. y. fid., clolh boards. 
"This bodi connini all that such I ueaiiie can be expected la canlain, aod u 

Gas afid Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAI,GAS. 
OrigiuallywriHenbyS. Hughes, C.E. Sixth Edition. Re-writteii 
and eniarged, by W. RlCMARDs, C.E. lirao, Jj. cloth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 



Coal and Speed Tables, 

POCKET BOOK OF COAL AND SPEED TABLES j for 
Engiiieeri and Steam-Users. By Nei-son Foley, Author of 
" Boiler Construction." [Ntarfy ready. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Frevention 
of Smoke." By C. W. Williams, A. I. C.E, With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Cool, Coke, Wood, Peat, Petroleum, &c. ; by D. KlN- 
NEAR. Clark, M. Inst. C.E. Second Edition, ^r. cloth. 
" Studenia sbuLiH buy the bonk and reAcl it, as one of Ihe moEl complete And salts- 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Tarts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Ronds and Streets : incladihg 
Pavements of Stone, Wood, and Asphalte. By D. Kinhkar 
ClAXK, M, last Z.'E.. Second Edit-, revised, v^mo, %!. c\o4i. 
"A teoit B-Areh ■ ■ . - _ -. i 
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Locomotives. 

LOCOMOTIVE ENGINES, A Rndimentary Treatise on. Com. 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsev, C.E. Witli large additions treat- 
ing of the MoDERH Locomotive, by D. Kinnbar Clark, 
M.Inst. C.E. With Illustrations. l2mo. 3J. fid , doth boards. 
"Ttic Eludent ann^ fhil Co profit largely by adopdnE this as liia pnlimioary cexl- 
book."— /JMB and Ceal Tradti Enirvi. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoi.l, C.E. 
Consisting of a Series of Tables, with Rules, Explanationa of 
Systems, and Use of Theodolite for Traveiae Surveying and PlottiDg 
the Work with minute accuracy by means of Straiglit Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datam, and Plotting Sectioi '' " " 

Angles and ^ . „ 

Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets ol Tangents and Offsets; and Earth- 
worlt Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlai^d. Cr.Svo.iu. cloth, 
"The book is very handy, and the authnrmiE^thiavc added that the sepamte Lablea 



Earthwork, Measuretiient and Calculation of. 

A MANUAL on EARTHWORK. By Albjc J. S. Graham, 
C.E. With numerous Diagrams, iSmo, ar. &/, cloth. 



..^ enzioeCTA and olheni cmployctl in Ihc 

work will find a great amount oC practical informatiDa very admirably arrao^cd, and 
mTaiLtUc for fOieral or rQURh estinlHtcs, aa well as for the moic exact cnlcubtionj 
required in Iha cjigitieen' coniraclor's D^ceL'*'—^r/i(f»i . 

Drawing for Engineers. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING, By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. 5. N. A., 
South Kensir^on. Fifth Edition, carefully revised. With upwards 
of 30D Plates and Diagrams. t2mo, cloth, strongly bound, 4/. 
^' A copy of it stiould be kept Tor rererencc in evtay drawing omce." — Mn^nterins- 
^' Jndispc n a ab lB for uachert of enEioeenog: diawing."— ^fcAoMVf ' Magamiiu, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCH.«OLOGY. the FINE ARTS, &c By John Wkalb. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of " Ure's Dictionary of Arts." I2i»n,&s,<i.\*a.- 

" The bejt smaU techooloincil dieiiD[i»rvmltot\aaBaa«i."— ATtXiUtt. , j,_ 

■The afBolule accuiacy of a «aA ol t!^ tWaatTe^ »>^l'='= *>**?■ -Sa^ 

extcBuve cousu/tatJOd. and from om exumWAvou \v t^^^^x^ -^v^ t*i^ 

meipIat."~JlfaaHi jnHnuiL 
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MINING, METALLURGY, ETC. 
Metalliferous Mining. 

BRITISH MINING. A Treatise on the History, Discovety, 

Practical Development, and Future Prospects of Metallireroul 

Mines in the Uiiiied Kingdom. By Robert Hunt, F.R.S., 

Keeper of Mining Records ; Editor of " Ure'i Dictionary of Aits, 

Manufnclurea, and Mines," &c. 'UpWBTdt of 950 pages, with 330 

Uluslrations. Super roynl 8to. £\ y. cloth. \ymt fubliskid. 

"Asaund.busincu-libc cclkciian criRtemlmg ^u. . . . Ilic wgaanl d 

inrDTiDalisii Mr. Hum hoh brougbl ias«)>er k cnormoui. ... The v^uiu 

■ppnn likely u ccnvey mors iiulniclisn Dpon Ihc ubject Ihui any work hiwno 

publuhKl."— il/iiunf •fpumal. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : compHsiiigaDescription of the Cos! Fields, and of 
ibe Principal Seams of Conl, with returns of their Produce uid Us 
Distribiilion, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and ProEress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. Wilh 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kinedom. Svo., jfl 8j. clolb. 

Metalliferous Minerals a?id Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. ByD. C. Daviks, F.G.S, With Numerous Wood 
Engrarings. Second Edition, revised. Cr. Svo, lai. id. cloth. 
" Widioul quesdan, the in«l eitbaustive and die mcxl practically u&eful ynxV ir« 

have KcD ; the BiDoant of inromudda Eiven ii EUgnDDus. and il IS given ccudnelr 

ud \aa:\\iiib\y.--Mv,iag ymnu!. 

Earthy Minerals and Mining. 

EARTHY AND OTHER MINERALS, AND MINING. 
Hy D. C. Davies, F.G.S, Unifoina vrjlh, and foiminfi a com- 
panion volume to, the same Author's " Melalliferoua Minerals and 
Mining." With numerous Illustrations. [Nearly ivtafy. 

Slate and Slate Quarrying, 

A TREATISE ON SLATE AND SLATE yUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. 
Illustrated, Second Edition, revised. 31. Gd. cloth. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON: con- 
taining Outlines of the History of Iron Manufactnie, Methods of 
Assay, and Analyses of lion Ores, Processes of Manufactnra of 
Iron and Steel, &c. By H. Bauib.mas.¥.G,¥i. Y^Sii advtion, 
Jieyised and Enlarged. Illustia.\ed. <,>. W., c\o*. 
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Mining, Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM. 
PLETE GUIDE, compriamg a Treatise on Improved Mining 
Surrcyinc, with new Traverse Tables ; and Descriptioiis of Im- 
proved iQsmmieQls ; also an Exposition of the Correct Principles 
of Laying ont and Valuing Home and Foreign Iron and Coal 
Mineral Propcrtiea. By William Lintkrn, Mii 
Engineer. With fonr Plates of Diagraros, Plans, &c, I 
*,• Also, bound with Thojian's Tables. 71. 61I. (See page 20.) 

Coal and Coal Mining. 

COAL AND COAL MINING. By Waeington W. Sp*ytk, 

M.A., F.R.S., &c, Chief Inspector of the Mines of ihe Crown. 

Fiflli edilion, revised. 41, clotb. 

*' Every pordon ai the volume nppeju-s to have been prBparrd wiih much core, and 

u an ourlicLc is given of eveiy known coeJ-Gdd ia this an'i other countries, u wdl at 

of the Ewn principal meihocla of working, tho tfodk will doubLles mtereaC a very 

larjce Dumber of redden." — Mining Joumtzi. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complele and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sjihere of their Action, tho Mode 
of their Application, and meir merits compared with other forms of 
Pumping Macliinery. By Stephen Michell. Svo, 15^. clodi. 

Manual of Mining Tools. 

MINING TOOLS. By W. Mokgans. Text, limo, 31. Atlns 
of 235 Illustrations, 4(0, 6s. Together, ^s. clotb. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Book for Naval Architects& Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'.S 
POCKET BOOK OF FORMULA, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow.M. Inst. 
N. A., Naval Draughlsmon. Second Edition, revised. With 
numerous Diagrams. Fcap., I2J. &/., strongly bound in leather. 
"Should tie used by pU who arc engaged in thecouEtruLlionordesiEtLofTesHla." 

" Mr. Mackrow has compresied an exCraordin^ry amount of infonnaliou into this 

Pocket-Book fof Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MUL-*; FOR MARINE ENGINEERS. By Fsank Proctor, 
A.LN.A. Third Editioiu Royal 32mo, leathw, ^Vt ^iss>, i^- 



IS WORKS IN NAVAL ARCHITECTURE, ET< 

Grantham s Iron Ship- Building. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. By John Grantham, M. Inst C.E., Ac. Fifth Edition. 
40 PJates. Imp, 410, bds,, witli separate Text, it. xi. complete. 

Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1S73, Bf Major Gbokgr H. 
Elliot, Corps of Engineers, U.S.A. Illusiraled by S' Eo- 
Eravings and 31 Woodcuts in the Text. 8vo, an. clotk 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Weans of Predicting thera by their Embodimenls, the Clouds. 
By William Bi.as[us, Crown 8vo, loi. f>d. cloth l>oari!s. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B.A. New and enlarged edilion. 
By W. H. Rosses, lamo, 31. cloth lioards. 

Mathematical and Natitical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Aslronomical, 
and Nautical Calculations ; to which is prelixed a Treatise on 
Logarithms. By Henry Law, C. E. Together with a Series of 
Tables for Navigation and Nautical Aaltonomy. By Professor 
J. R. Young. New Edition. i2mo, 41. cloth boards. 

Navigation [Practical), with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Eoolt, by James Gbeenivood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henrv Law, C.E., and Professor 
J, R. Young, Illusb^ted. izmo, 71. strongly half-boundin leather. 



WEALE'S RUDIMENTARY SERIES. 

The following book! in JVa^ml ArcAilccture, etc., are ptMis'itid in the 

NAVIGATION and NAUTICAL ASTRONOMY IN THEORY 
AND PRACTICE. By Professor J. R. Young. New Edition. 
Including the Requisite Elements from the Nautical Almanac for 
Working the Problems, lamo, 2r. ftd. cloth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N,A. Fifteenth Edition. lamo, 2s. fid. cloth. 
SAILS AND SAIL-MAKING- Tenth Edition, enlarged. By 
[1 Robert Xipping, N.A. illustrated. i2mo, y. cloth boards. 

I JVdVAD ARCHITECTURE. By James Feake. Fifth Edition, 
I wilh FMes and Diagrams, lamo, if. doftitoaids., 

IXARINE ENGINES, AND STEAM V^Sa£L.a. ^1 ■aft^ra.T 
I Murray, C.E. Eighth Edition. yhifrtt^r.- 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — • — 

THE SCIENCE of BUILDING: An Elemcntiry Treatise on 
the Principles of Construclion. By E, Wyndham Tarn, M.A. 
Second Edhion, revised, witli 58 Engravings, price is. td. 
"Avey valuablEbiwk, which »c stronely recommend lo nil ttiiAeats,"—Baildir, 
*' Na architectural student KhmiLd ba without thi± hand-book." — Atrkile,;/. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
including Church Restoration, By Sir Edmund Beckett, 
Bart., LL.D,, Q.C., F.R.A.S. izmo, w. cloth boards. 
"AboskwhichisDlwavi amuHuE oud nearly alu'>ys iiutniccive. Wejiri able 
very cordulJy tu tecr>mmend all pssoiii to read it Tor themselves. "—Timts. 

Villa Architecture. 

A HANDY BOOK d 

Series of Designs foe Villa Residences 



A HANDY BOOK of VILLA ARCHITECTURE ; bdne a 
lesigns foe Villa Residences in various Styles. With 
Outline Spednca.tioas and Estimates. 



Useful Text-Book for Architects. 

THE ARCIUTECT'S GUIDE ; A Text-book for Archilecls, 
Clerks of Works, kc. By F. Rogers. Cr. Svo, 6r. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 

New Edition. By G. H. Guiliaume. lamo, cloth, 41. 
"Will be Jbutid an acquisition to pnpila, and a copy ought f" ^" — 
necessary a purchase as a box of initrumenls." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE, 
By George Pvnk. With 14 Plates, 410, Is, 6d, boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught -power 
and Stability, with 11 chapter on Lightning Conductors. Bv Robert 
Wilson, C.E. Crown 8vo, jj. 61/. cloth. 

Buildet^s and Contractot^s Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, contaiiung the latest prices of all ttinda of Builders" 
Materials and Labour, itc. Revised by F. T. W. Millek, 
A.R.I.B.A. Half-bonnd, +1. 

Stone-working Maehineiy. 

STONE-WORKING MACHINERY, and the Rapid and Ecc- 
nooiical Conversioo of Sloae. Witli Hints on. U\e K-cmosuso™?. 
and Management of Stone Woilts, "&i'V\.S<jiN\%'S.>iS-,"«i:v:^:E-, 

a,.u.:.c!e. \s«"^» ■■«*■<■ 



WORKS IN ARCHITECTURE, BUILDING, ETC., 

Taylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. Bj 
Ihe laic G. L. Taylor, Esq , F.S.A., and Euwakd CitESV, Eiq, 
New Eililiun, Edited by the lUr. Alexandek Tavluk, M. A. (son 
of llie lateG. L. Taylor, Esq.) Tlus is the on])> book which gives 
on a \iige scale, and with tlie precision of ardiitEcturat measuie- 
ment, thepnticipalMoniunentsof AnciCDt Rome in plao, elevation, 
nnd delaiL Large lolio, with 130 Plates, half-bound, 3/. Jj-. 
*.* Originally published in two volumes, folio, at iS/. iss, 

Vitruvius' Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
rOLLIO. Translated by Joseph Gwilt, K.S.A., F.R.A,S. 
Numerous Plates. i2mo, cloth limp, 51. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); c. 
prisiDg VITRUVIUS, translated by Joseph Gwilt, F.S.A,, 
&c., vriih zj fine plates ; and GRECIAN ARCHITECTURE. 
By the Eabi- of Aberdeen ; lamo, 6j-., half-bound. 
'.• The only editkn of VITRUVIUS procurable ai a moderate Jmef. 

Modem Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARC HI TECTU RE of VARIOUS 
COUNTRIES. By T. Talbot Burv ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, lamo, 61. half-bound. 

Civil Architecture. 

THE DECORATIVE PART of CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With lUnsirations, Notes, 
andao Examinalion of Grecian Architecture. By JoiiEPH GwiLT, 
F.S. A. Edited by W. H. Leeds. 66 Plates, 4(0, ixs. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING ! a Practical Manual ot With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings, 
By Ellis A. Davidson. Third Edition, Revised. i2mo, 6j. doth. 

Plumbing. 

PLUMBING ; aTexl-book to the Practice of the Art or Crali of the 
Plumber. With chapters iipon House -drainage, embodying the 
latest Improvements, By W. P. BucitAN, Sanitary Engineer. 
Fourth Etiilion, Rensed, with 330 illustratioos. lamo. 4J. doth, 

yoints used in Building, Engineering, &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Architectural 
works, with espeei.il reference to those virQiieht by artificers in 
electing and finishing Ilibiiable Stroctates. B^Nfl.VC,».B.waY, 
Arc/iicecC With 160 lUusttations, lamo, J!. &^. c\o\.ti.\)«Mai., 
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Handbook of Specificaiions. 

THE HANDBOOK OF SPECIFICATIONS ; or. Practical 
Guide to ttie Arcliitect, Engineer, Surveyor, and Builder, in drawing 
up Spedficatiani and Contracts for Works and Constructions. 
lUusIrated bf Precedents or Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, wilb 
upwards of 100a pages of text, and 33 Plates, cloth, l/. lis. td. 

ion's HundlMali of Spccincaliuns must be baughl by ail ucliiHiiu."— fw'iUfr. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE; 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 151. doth. 
*fe'Avoli^ineorspccLficALiDn4 ofa practical chancier bein^E^catty required, ud the 

cJd Btaudard work of Altred Eantialomew ticing out gf prinT, the author, an the tiaau 

of Ihtft ^Vdlk, has plodui^eil the ^^\t.— Extract from Frefact, 

Designing, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURING and VALUING ARTIFICERS' WORKS; containing 
Directions lor taking Dimendons, Abslrscting the same, and bringing 
tlie Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valoation of Labour and Ma.terials in the le- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger,&c With 8 Plates and 63 Wood- 
cuts. CrigiQally edited by Edward Dobson, Architect. Fifth 
Edition, Revised, with considerable Additions on Mensuration and 
ConMrnction, and a new chapter on Dilapidations, Repairs, and 
Coiitracls. By E. Wyndham Tarn, M.A. 91, \yusipuhlishii. 
■' The niMt curapleie ireaiiM on the principles of messuring and valuing artifieets 
work thai has yet been published."— fiujWuifjViTui. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 

TRADES, bebg an easy method of estimating the various part* 
of a Building collectively, more especially appUed to Carpenters' 
and Joiners' work. By A. C. Beatqn. Second Edition. 
Waistcoat-pocket size. ir. ^d, 

Beaton sBuilders' and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDKRS AND SURVEYORS : containing an. Expla- 
nation of the Terms used in Building Construction, Directions for 
MeasuringWock,Use(u1Memoraiida,&c, By A, C. Beaton, u.^. 

The Hoztse-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What will it 
Cost to Build, Alter, or Repair? A Price-Book for Unprofes- 
sional Peorie, Architectural Surveyors, Builders, &c. By the late 
JAM£SD. Simon. Edited by F. T. Vf. 'SItaA.vs-, tv»JS-S..K. 
TAird Edition, Revised. Crown %vo, -vs. *«t-> "io*!- 



i6 WORKS IN CARPENTRY, TIMBER, ETC, 

CARPENTRY, TIMBER. ETC. 
Tredgoltts Carpentry, new and cheaper EdtHoH. 

THE ELEMENTARY PRrNCIPI.ES OF CARPENTRY! 
a Treatise on the Prossuie and Equilibrium of Timber Framing, thtf 
ReslEtance of TuDlier, and the Conslraclion of Floors, Arch^ 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To wliidt 
a added an Essaj on the Nature anit Properties of Timber, &&, 
with Descriptions of the Kinds of Wood used in Building ; il^ 
nmnerOQS Tables of the Scantlings of Timber for different pnrposoh 
the Specific Gravities of Materials, &c. By Thumas Tkxdoold. 
C.E. Edited by Petbr Barlow, F.R.S. Fifth Edition, c "^ 
reeled and enlarged. With 64 Plates, Portrait of the Author, a 
Woodcuts. 4.to, published at 2/. is., reduced to ll. p. doth. 

pcDXry u eanceniEd. The Author'^ pndciplc^ are raiher confiniifld dun impjund Iq 
limt Th£ AddlLiDDol pljitcsaie of Krejt iuurbslc value." — Buiidin£ Ntvn, 

Grandy's Timber Tabled 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS,' 

& BUILDER'S STANDARD GUIDE. By K, E. Grandy. 

and Edition. Carefully revised and corrected, izmo, 31. €d. cloth. 

"Svuything LI pretcBdi Id be: baill up gndiiallvi ^L leads one Irom a (ar«t t~ ~ 

treenail, and tlu-ows iD.asaDiaVevreight. ahoEt of muerialcouceniiDg bricks coliuu . 

deterns &C. — all that the claEfi to wham it appeals requires.** — Englitk Mk/uuoc, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS* 
FREIGHT BOOK : Bebg a Comprehensive Series of Tables foe 
the Use of Timber Importers, Captains of Ships, Shipbrokec^ 
Builders, and Others. By W. Richardson. Crown 8vo, 6s, 

Tables /or Paekitig-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing- Cases, from six inches square ai^^ 
upwards. By W. Richardson. Oblong 4(0, 3j. 61/. cloth. 
" Invaluable laboiiT-HiVLiig tables." — Ifennvftt&r. 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical ai 
Descriptive, containing full information of the various Trades ai 
Processes involved, wiUi Hints on the proper keeping of Carriage^ 
&c. 57 Illustrations. By jAiiES W. BUKeess. lanio, y. clotlu. 

Horton's Measurer. 

THE COMPLETE MEASURER ; setting forth the Measnre. 
ment of Boards, Glass, &C. ; Unequal. sided, Square-sided, Oo 
tagonal-sided, Round Timber and Stone, and Standing Timberi 
Also a Table showing the solidity of hewn or eight-sided timber,; 
or of any octagonal -sided column. By Richard Hortom; 
Fourth Edit. With Additions, l2mo. strongly bound in leather, 51, 

J/ar'ie^s Underwood and Woodland Tables. 

TABLES FOR PLANTING Mil) ■VXLUKIG UNDER. 
WOOD AND WOODLAND ■,a\5ol.me»l,S\iteAt\!i,C.\ai,cA 
^d DecimMl Tables, S:c. By R, Horto?). \a■mo,3J.^ft»SSlM. 
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Nuholsoiis Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS: compriaing all the Elementary Principles 
essential for acquiriEg b knowledge of Carpentry. Founded on, the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Pmoticnl RiJes on 
Drawing, by Ghorgk Pvnk, With 74 Plates, 410, 1/. it. cloth. 

Dowsin^s Timber Merchants Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Meaaurement of Deals and Battens, of oil siies, from 
One to a Thousand Pieces, also the relative Price that each siie 
bears per Lineal Foot to any given Price per Petcrsbui^h Standard 
Hundred, &c., &c. Also a variety of other valuable infonnation. 
By W. Dowsing. Third Edition. Crown 8vo, jr. 

Practical Timber Merclumt. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, 81c., 
comprising useful Tables for all purposes connected with the 
Timlwr Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c By W. Richardson, Fcap. Svo, 31. iui. cL 

Woodworking Machinery. 

WOODWORKING MACHINERY; iu Rise, Progress, and 
Construction. With Hints on the Mam^ment of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. PowisBale, M.LM.E. Crown Svo, izi. 6rf. cl. 
" Mr. Bale is CTldenllT an cxpen oa the lubject, and he has callecled n much 



comnrebcnsivD compe 



■ oThit lubject."— ^H.Vrf.'H*- A'™. 



Saw Mills. 

SAW MILLS, THEIR ARRANGEMENT AND MANAGE- 
MENT, AND THE ECONOMICAL CONVERSION OK 
TIMBER. (Being a Companion Volume to "Woodworking 
Machinery.") By M. Powis Bale, M.LM.E. With numerous 
Illnstiations. Crown Svo, loi, bd., cloth. 
■■ Th« author Is fivDunblr known hy hit farmct wotk ou < WDodwDrliiE Haclii- 
nery,' of wliich wt weto able La ipeak approv[iig]y. Thia it a companion VDlune, 
in which Lhca^mjiTjf/fir/iWaf a large Kawuijf e^Eabli^ment is discussi'il. And the 
cubjeet cxaipined trem a (iiuncul tiandpdnt l]erce ilie dite. shafie, order, pird 
ditpoflitioDorsaw-millnand the Uko are Eone Into in dfltjiilj and Ihe cotirK ot the 
liiaiRT H meed from it& receptint lo iu delivery in irs ooovoned MKie. We could 
not desire a tnore conpleie or pnciical Deatiie."— £HiV</cr. 
" w. highly iccon.mend Mi Bale's wurk to the aiieniion mi Kruul of all those 
taged w the an of wood is'nver^oD or who are about huildlvi. »> » 

^-^ISDn improved pripcplet" —BwiWiug Kciui. \-ji«cw» 

of much value by »bii av*™^ '^^»™ "^ ™"**^'' ^^^^C!J_'^^^ 

ii des\ned. WEh»vep'eBsuteinio«nn.tMiifflB»'Il™ «"'™-™™'^^ 
ct ar 10 Duuiage nw-iniUi." — A lAcHicitin. ^ 
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Efigincer's Reference Book. 

THE WORKS MANAGERS' frANDKOOK. For Eiigi.icere, 
Millwtighu, and Bailer Hakeis ; Tool Malcers, Macliiciisls, and 
Metal WcH-kcrs ; Iron and Brassroundcra, &c. By W. S. H uttow. 
Civil and Meclisnical Engineer. Mcdiom 8ro, about 400 pagc%' 
price 12J-. 6/., strongly bound, \Iii prtfaratiati.' 

Mecltanics IVorkshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM* 
PANION, and THE SCIENTIFIC GENTLEMAN'S PKAO, 
TICAL ASSISTANT. By W. Tbmplbton, 13th Edit., wili 
Mechuiical Tables for Operative Sinitlis, Millwrigbts, Engineer^ 
&c. ; and an Exlenaive Table of Powers and Roots, I zmo, y. bound. 
" Admirably sdupleil ta Ihewanli of n. very large dou. Ii hu mctwilh Erat 
Bucccatln llie (npnctmB work'hop, ai m antwdfy; and Ihtte are amaimanjr 

Engineer's and Machinists Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S, 
PRACTICAL ASSISTANT % comprising a Collection of Usefid 
Tables, Rules, and Data, By Wm, Templiton. iSmo, 7.- ' ' 

Smith's Tables for Mechanics, &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS. ENGINEERS, ARCHITECTS, 
BUILDERS, 4e, Selected and arranged by Francis Smith, 
240 pp. Waisl coat- pocket size, t.;. &/., limp leather. 

Turning. 

LATIIE-WORK : a Practical Treatise on the Tools, Appliance^ 
and Processes employed in tbe Art of Turning. By PaulN. Has? 
LUCK. Second Edition, thoroughly Revised, wilb a New Chaplet 
on tbe Screw-cutting Lathe. Crown 8vo, 51, doth. 

Turning. 

THE METAL TURNER'S HANDBOOK. By Paul N. Has 
LUCK. With over 100 Cuts. Crown Sto, ii., cloth. 

%« rfeBint>r«HMfl,rt«(jw/«™E^ASLUCK'sHANDnODlCSOBHA«IBlCllA»Ti 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. Will 
Examples of Practical Geometry and Templiting, fijr the use rf 
Platers, Smiths, and Riveters. By John Coubtney, Edited b» 
D, K. Clabk, M.LGE. iimo, 91,, half.bd. 

Superficid'l Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from 1 to 100 ircTies in leosthj 
by I to 108 inches in breadth. By J. Hawkinos. Fcp. 3J-. bd. c' 

Steam Boilers, 

A TREATISE ON STEAM BOH-U-RS -. \,\ira SUetftth. Con; 
stnietion, and Econominal WorVing, TS-j ^ "«vt — "~ 
Fitlb Edition. lamo, 6j., clotli. 
[Thpbeat tnaivK tJint ha^ ever been puMlslwd on steam WJ"*-"- 



MATHEMATICS, TABLES, ETC. 
Metrical Units and Systems, &€. 

MODERN METROLOGY : A fttanual of the Metrical UaiU 
and Systems of thepresent Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A. Jacksoh, 
A.-M. Inst. C.E., Author of "Aid lo Siuvey Practice," &c. 
Laige Crown 8vo, izi. bJ. cloth. 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 

Slace Book of Pure and Mixed Mathematics. Designed chie^y 
ir the use of Civil Engineers, Architects, and SaiveyoFS. Part I. 
Puke Mathemaiics — comprising Arithmetic, Algebra, Geometry, 
MensQiation, Trigonometry, Conic Sections, Pioperties of Curves. 
Poiin. Mixed Mathematics — comprismg Mechanics in general, 
Ststics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olks'thus Gre- 
gory, LL.D., F.R.A.S, Enlaraedby H. Law, C.E. 4thEditioD, 
revised by Prof. J. R. VouNG. ^Vith 13 Plates. Svo. iL 11. cloth. 

Mathematics as applied to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustriling the various pro- 
cesses of MBtbematica] Investigatbn by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Cami'in, C.E. izmo, y. (kI. cloth. 
Geometry for tlie Architect, Engineer., &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. ByE. W, Tarn, M.A. With Appendiceson Diagrams 
of Strains and Isomelrical projection. Demy Svo, 91. cloth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or I'roblema Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Bvjine. Coloured Plates. 
Crown Svo, 3/. bd. cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the Brilish 
Standard Measure and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
Ddwling, C.E. and Edit., revised and enlarged. Svo, loi. ^. d. 

Inwood's Tables, greatly enlarged and improved, 

TABLES FOR THE PURCHASING of ESTATKS, Freehold, 
Copyhold, ot Leasehold; Annuities, Advowsons, &c., and for the 
Rmewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. aznd Edition, with 
Tables of Logarithms for the more DifBcttlt Computations of tha 
Interest of Money, &c ByM. FeuQRTw.oiA.KS. ^.i.'nsa.'**,^^''!'. , 
'■ThoMinleresttdin tfi= purcliaie an* ssie ot «l»»,«n*.\7ift*^1'«™^^ 

fcid ihe pretani ediiioa of eminent aerroB."— EisiM"™!. 



» WORKS IN MATHEMATICS, ETC., 

IVeighls, Measures, and Moneys. 

MEASURES, WEIGHTS, and MONEYS of all NATIONS. 
Enliicly New Edition, Revised and Enlarged. By W. S. B. 
WooLHOUSE, F.R.A.S. ismo, is. 6d. dolh boards. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES; 
with Tables of LogariUuDi for the more Difficult Cmnputatiora of 
Interest, Discount, Aniiuities, &c, in all their Appljcatjont and 
Uses for Mercantile and State Purposes. By FfcoOR TboMAN, 
of the Societe Credit Mobilicr, Paris. 3rd Edit., I2ma, ^r. 6i. cL 

Iron and Metal Traded Calculator, 

THE IRON AND METAL TRADES' COMPANION! 
Beini; a Calculator containing a Scries of Tables upon a new and 
comprehen^ve plnn (or expeditiously ascertaining tlie value of anf 
goods bought or sold by weight, from l». per cwt. to ll2r, per 
cwt., and from one fatthioE per lb. to If. per II), Each Table ei- 
tends from one lb. to 100 tons. ByT.DowNJE, 396 pp., 91., leather. 

Iron and Steel, 

IRON AND STEEL: a Work for the Forge, Fouirfcy. 
Paclory, and Office. Containing Informalton for Icanmasteis ; 
Civil, Mechanical, and Mining Engineers ; Architects, Builders, &c 
By Charles Hoare. Eighth Edit. Oblong 31100, 6J., leiithet. 
Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tabla 
tipon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gre^ve Rates, from 1 Penny to 168 Shillings per cwt., and con- 
taining iB6,ooa Direct Answers, which, vrith their Combinations, 
consisting of a single addition, will afford an agg-.egate of IO,z66,ODO 
Answers ; the whole being calculaled and designed to ensure 
Correctness and promote Despatch. By IlEfJllv Harben, 
Accountant. New Edition. Royal 8vo, I/. 5^., half-boimd. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising Tables for the use of 
Merchants, Manufacturers, Ironmonget^ and others, by which 
may be ascertained the exact prolit aiiung from any mode of using 
Discounts, either in the Purchase or Saleof Goods, and the method 
of either Altering a Rate of Discotmt, or Advancing a Price, so as 
to produce, by one operation, a sum that ivill realise any required 
profit after allowing one or more Discounts; Co which are added 
Tables of Profift or Advance from ij to 90 per cent.. Tables of 
Discount from i\ to 98} per cent,, and Tables of Commission, &c, 
from \ to 10 per cent. By H. Harben, 8vo, i/. S^., half-boaod. 

Mathematical Ii^iruments. 

MATHEMATICAL INSTRUMENTS: Their ConslructioD, 
A/iJiisiment, Testing, and Use ; compt\B\in^ "QTa.-wm^, ■Weajsinii^ 
Optical, Surveying, and Asttonomkal lnsWo.nmiAa. 'ft-j ■^.'*, 
JfSATJOX, M.A. Enlai^d Edlticm. inno, y-c^ii&v. 
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SCIENCE AND ART. 
Go&i and Gold- Working. 

THE GOLDSMITH'S HANDBOOK: containu^ full ioBtnic- 
tions for the Alloying and Working of Gold. locludmg the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enajnels, &c, By GeohGb E. GrE. 
Second Edition, enlarged iimo, 3/. 6i cloth. 

"ThobesiiiMrkyei printed 00 iu subjecl for a reaionablo price."— Jctm/Sit. 

" £i»ntially i practical miiDiuJ, wdl adapted la tbe wants of amatcun and 

lupply."— jSi^iiA Micbmu. 

Stiver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
PreparBtion of Imitation Alloys, &c By G. E. Gee. Iimo, ^t. &/. 
" Tbe chief muit of the work ii '\a piaclical chaiacler. Tha workers in the liadD 
will ipceday discover its inarita when Ihey sit down to study iu"— £»i£toA Mechanic. 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stomps at present 
employed ; also the Laws relating to the Standards and llall- 
Marks at the various Assay Offices ; and a variety of Fmctical 
Suggestions conccmiiig the Mixing of Standard Alloys, &c. By 
GsuRGE E. Gee. Crown Sto, 31. iid. cloth. 

Electro-Plating, &c. 

ELECTRO.PLATING : A Practical Handbook. By J. W. 
Ukqdhart, C.E, Crown Svo, 5^. doth, 

with a voy little sciunce inilced, and this it the book 10 ihow lbs iity."—Siiildtr. 

Electrotyping, &c. 

ELECTROTYPING : The Reproduction and Multiplication of 
Priming Surfaces ami Works of Art by the Electro-deposition of 
Melals. By J. W. URQtJHAKT, C.E. Crown Svo, jr. cloth, 
"A Euide to bcsirmers and LhoK who practise the old and imperfcd methods" — Ttvh. 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
Bv Alkkander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Phitinam, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&c Eighth Edition, Revised, including the most recent Pio- 
cesses, iimo, 3^. 6<J., cloth. 
" Frojn Ihis book boEh ainateur and artisan tna^ \uia ^^n^^ro^^ 'u^vjuawri v^ 

'"A nracticaJ treatise forlhe asB of tlvjU -wVui 4<b™ W -^wV™ *« MS- >*■ *«»s'>i 
a basatai."—£itgtishMitlu»ac, 
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Dentistry. 

MECHANICAL DENTISTRY. A PraMical Treatise oi 
C' I slruction of the rnrious kinds of Artificial Deiiliue& Com- 

f rising ako Ule^l FormulEC, Tables, and Receipts for Gold 
late. Clasps, Solders, eic, etc By Ckaslbs Hunteb. Seoond 
Edition, Revised. Witli over loo EngraTings. is. 6i£, dolli. 

Electricity. 

A MANUAL ot ELECTRICITY; including Galvanism, Mag- 

Dctism, Diamagnelism, Electro- Dynamics, Magneto- Electildtr, i^ 
the Electric Telegraph. By IIeskv M. Noah, Ph.D., F.C.S. 

Foortli Edition, with 500 Woodcnts. 8vo, U. 4/. cloth, 
" Tlie accounu jiven of dectridty ind galraniun ore not onlj^complele in a id 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
HiNBV M. NoAD, Ph.D., F.R.S., &c. New Edition, Re*ised, 
With an Introduction and Additionnl Chapters by W. H. Prbbcx, 
M.I.C.E., Vice-President of the Society of Telegraph Engiaeeis, 
4c With 470 Illustrations. Crown gvo, I2j. 65. cloth. 

good index. >i;d aplethoia of woodcuts." — Alhtnrum, 
" An idmLrabic text- book for evoty ttudoDl — bteiDoes ™ mdvaoced — of cle ctikaty -" 

_■' LTiider the editorial hand of Mr. Prtect the late Dr. Nosd's tern. hook of tlec- 

Electric Lighting. 

ELECTRIC LIGHT : Its ProducHon and Use, embodying 
Directions for the Treatment of Voltaic Batteries, Electric La_..,_. 
and Dynamo-Electric Machines. By J. W. Uhqiihart, C.E. 
Edited by F. C Webb, M.I.C.E., M.S.T.E. and Edition, Re- 
vised, with Loi^e Additions and 12S Illustrations. 7/. &/. cloth. 
"The book k by far the best tbal webavB yet met uilhon the i\i\iy:a.."—Alktiur»m. 

Lightning. 

THE ACTION ol LIGHTNING, atid the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Major Arthur Parhell, R.E. larao, is. td. cloth. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY. AND 
GEOLOGY, containiag all known Methods of Anhydrous 
Analysis, many Working Examples, and Instructions for makine 
Apparatus, Uy Lieul.-Uol. W. A. Ros5, R.A., F.G.S. 
[■ _ \In the press. 

\ Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
j Irinsic or Coinmerdal Value of Substances used in Manufactures, 

in Trades, and in the Arts. By K. Noilmwiot. Nem Edition. 
Enlarged, and to a great extent re-'nT\Uen,\>'j'Uuss?i'«i., ■Sum, 
L Ph.D.,F,R.S, WithnumerouslllubKatWiia. Ci.4io,v«.W -^"^ 
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The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including Ihe 

Manuracture of Sulphuric Acid, Sulpbale of Soda, and Bleaching 

Powder. By John I^mas, Alkali Manuractuier. Wilh 232 lUus- 

tialioiis and Working DrB.wiiigs, and contaJQiDg 3S6 pages of text. 

Super-royal 8vo, 3/. 1%!. 6d. cloth. 

TA!i ■aerkfrs^ddti {i) o CumfliU Ifandlwet/trialnding Altali ami Su^hnrir 

Acid MoHri/aclttrtri, and/or fkeu atrtajji in tfu^tld taJio dfsirt to itnfirevt tJtiir 

flifnl, &rta btesvu fFoetictUIv acgvjxirited vjitk tkt tatsst firtaacs and dtveUfimenti 

o/IUIradi; Is) u Hiuidj Viii«mivihickMaiaifacltirinaaipul iaialkt hsttdiiil 

tluir Matta£€rs and Fortma as a tisiful f^idt in l/nir daily rotiHds ^ duty. 

SVHOFSIS or CONTBNTS. 

IX. CarboDatiaE or Fini^hlnz-X Soda 
CrySali — Xt. Kefined Alkali — Xll. 
Cauuic Sodi — XUL Bi-cuboiu» of 
Soda— XIV. Bltachbg Powder — XV. 
UdliuiIiuiofTaiiliWule-XVI. Gsoenil 
Remarks — Four Appendices, IreatiM of 
YFclds, Sulphuric Acid Cakuktions, Aim- 
mometej?, and Fortifn Lcfjislatioa vpoa 

all concerned in lh<! 



of Wotki— H. Su^huric Acid— 
s, Md'^reamenl of'smaU Pyrila 



published in aDf Jajigua^^" — Eit£inffr^ 

"This book is wrillOTi by a mauufacturer for maDuTacturerB. The WDrking detaJll 
of rhe uitHl approved forms of apparatus are given, and ihcs«arc accompauEed by 
no le^s [ban 337 wood Dngravinss, all of which may be uwd for ihe piirpoaea of con- 
ttruction. Every ilep in the maaufaeture is very fully deicrihed vn this maaual, and 

up' any conceivable subjecL but a practical man in Ibe b^t Hngeof^e word- We 
find here not merely a sfHind and luminous explanatioD of the chemical prindplet of 
the tiade, but a notice of numeroui mattera whidi have a rmwt iEnportant bearuie 
on the tucee&sful conduct of alkali works, but which are Eencially overlooked by 
even the inosl experienced lecbuolofical aulhon." — Chemical Revirtit, 

Soap-making. 

THE ART OF SOAP-MAKING, A Practical Handbook of the 
Munufaclure of Hard and Soft Soaps, Toilet Hoaps, &c. Including 
many New Processes, and a Chapter on the Recovery of Glycerine 
from Waste Leys. By AlkxAhdeh Watt, Author of " Electro- 
Metallurgy Practically Treated," &c Willi Numerous Illuslra- 
lions. Crown 8vo, gj., doth. \Jmt fnibUshed. 

" The wotli will prove very useful, nol merely lo the technnlogical studcnl, but to 
the practical soap-boiler who wishes tQ undeisland Ihe theory of hiE i.r\."^CIirmi!al 



Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook in which the Operations of Tanning, Currying, 
and Leather Dressing are fuUjf Described, and the Principles of 
Tanning Explained, with Practical Details, and Accounts of many 
Recent Processes, to which is added a Description 01 the Arts of 
Glue Manufacture, Gut Dressing, &c. By AT.v.l^t."S.T«s,NSKv^s 
Aiilhor of " 8oap-Ma¥mc," " aecUo'W.AoSoi-s^ " %Lt. '^^': 
IS lUustralioLS. C\Dwn%vo. "\ln t^ct^oiv 



34 WORKS IN SCIENCE AND ART, ETC., 

Dr. Lardner's Museum of Science and Art, 

THE MUSEUM OF SCIENCE AND ART. Edited l» 
DiONvsius Ijirdnek. D.C.L., formerly Professor of Natnial Phi. 
losophy »n<f Astronomy in University College, London. With up- 
wntda of lioo Engravingi on Wood. In 6 Double Volumes. 
Price ^\ Xs., in a aevi and elegant cloth binding, 
bound in half morocco, 31/. dd. 



provoU. Many thnuond capiet <A thk serviceable puhrb^lion biive been prEn 
in ibe tulief wid bnpeihu Ihe detire foritmruclion and improremenl widel/ 



"A<JieapBDd iiKrtatms publicd6oa. alike informing and Atbracdve. Tlw P'P^'* 
eombJiM >m^«ctA of joporuiicv luid greni sdeniiAc koDwledse, con^idcnble uduc. 
lire poiRn, and a populu' Ufle of tiiaLimt.t,\.'—Sfictiilar. 

"Tile 'MUKUID of SciBiK* and Art' b lbs nu&l valuable conUibudon diat hu 
ever b«vii made ig the Sciaidfic InSructioD of every clas of SDcieiT."— '6'^ Z^^nU 
Bnwsltr H lit »<^Ui Srilii* Rtvitv. 

"Whutber «e coDuder the tiberalily and beauty of Kbe iUustratioru. thedkannaf 
Ihe w^(il^e, or the durable laleieil of ihe mailer, ire mun cipreu dui baliaf Uuil 
thcie is )i4irdl]i to be found an^ong Ihe ne> books, one Ihal would be welcomed \ij 

** Stparati ioois formtd from tht abmie, suitablt for Workwiait 
Libraria, ScUnct Classa, &•(. 
COMMON THINGS EXPLAINED. Conlainlng Air, Earth, Fire, 
Water, Time, Man, Ihe Eye, Locomolion, Colour, Clocks and 
Watches, &c 833 Illuslrations, doth gill, $1. 
THE MICROSCOPE. ContMning Oplical Images, Magnifying 
Glasses, Origin and Descrijitioo of tae Microscope, Microscopic 
Objects, tiie Solar Microscope, Microscopic Drawing and Engrav* 
ing, &c. 147 llluatnitions, cloth gilt, 2/. 
POPULAR GEOLOGY, Containioe Earthquakes and Volcanoes, 

the Crust of the Eunh, eli^ 301 lUnstralioiis, doth gilt, st. fid. 
POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermonieter, tie Barometer, Sound, &c. 85 lUus. 
trations, clotli gilt, 21. fuL 
STEAM AND ITS USES. Including the Steam Engine, the Lo- 

comotive, and Steam Navigation. &i Iliustiatioos, cloth gilt, 21. 
POPULAR ASTRONOMY. Containing How lo Observe the 
Heavens The Earth, Sun, Moon, Planets. Light, Cornet^ 
Edipaes, Aslronomical Influences, &c iSz Illustrations, 41, (id. 
THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 lUus- 
trations, cloth gilt, is. 
THE ELECTRIC TELEGRAPH POPULARISED. To render 
iatelligible to all who can Read, itiespccViie o^ aj\i ^tmaas Scien- 
ti/ic Acguirements, the various fomiB ol Te\e^a^'n^ \n iitSjui. 
Operation, loo lUustrations, cloth gilt, \i. M. 
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I?r. Lardnet's Handbooks of Natural Philosophy. 

;• Tlu/BllswiHgfivieclumii.liat^nuthiiCimfliliiH llaU, and te bt fnr- 
tiMe^wiBmti/jrj/ffraiACoMFiiTKCounSB OF Natuuac, Philosophy, iwrfntr 
intrrndBi/er tlu gnural rratUr vjko dtrtrts la aittiin accurate kuifivltdge of the 
various Jrfarlmttils if Ptyilcal Sclmi, viilDavl iumUng Ihim accertHift I" lie 
men fnjiiimd miUie^ ef tmUamatical invaluiatiaL T*i ilyli U ttadiatuW 
ftfy^r. II *Bi ban tit atiilwr'i aim ta tufflj Manvili nek as art ngmnd it 
1*4 SItidtml, Iht Bnginttr, Iht ArtUasi, and Iki mftrsBrtltsia in SdiBnii, 
THE HANDBOOK OF MECHANICS. Enlarged and almatt 

Kwrillen by Benjamin Lozwv, F.R.A.S. With 378 lUostia- 

tions. Post Sto, 61. doth. 
"ThQ pernicaiij of Ihe tnigirol hat been retained, and chapten which had- 
bn»iiie ofasolttc have been (cpUi:ed by olhen aT more oiotlern eharaaer. The 
ekpUAatiDiu ihrDDghout are lEudiou^ly p<niuiax, Bod coTQ has been taken to shov 
Ihe appUcalitfii of the vanovs brancliet of phy«icK to the induElrial aits, and to 
the (Tactical bu^DBB at life." — UtitiiHg Joumat, 
THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 

New Edition, Revised and Enlarged by Bekiamin Loewy, 

F.R.A.S. With 236 lUnfitrations. Posl 8vq, sr, clolh. 
" For IhoM ■ who deiire to allain on accurale knowledge of physical iriene* with- 
out the profoimd method! of maihemntioil iaveitif^tion/ ttiii work is ool merely in- 
teaded. hut well adaptnL"— tT^iimua/A'cwj. 
THE HANDBOOK OF HEAT. Edited and almost entirely 

Rewritten by BENJAMIN LoBWV, F.R.A.S., etc 117 Illustra- 

tiona. Post 8vo, &. doth, 
any do^dS'eL'^ ° "^ng d^b" Le^hj^lh^ni/w^^."^"'^'"'' ** "™* 

THE HANDBOOK OF OPTICS. New Edition. Edited by 

T. Olver Harding, B.A. 19S Illustrations. Post 8vo, 51. dotb. 
" Writceo by one orilieahleM Engliib adcatificMTiten, beaiitiTuIlyBiid daboralely 
^\\Mj3lxA.'—Michaiui:s'Magaci>ii. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by Geo, Cauby Foster, 
B.A., F.CS. With 400 lUustrations. Post 8vo, 51. doth. 
" The book could nol have been eatm&Ied to any one better calculated to preserve 

fFork to the present state of s<neDtific Lnowledge."— ./^jWdr Ssitnct Reowju. 

Dr. Lardnet's Handbook of Astroftomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
p^on to the " Handbooiu of Natural Philosophy." By DlONv- 
sius Lardner, D.CL. Fourth Edih'on. ReWaedand Edited by 
Edwin Dunkin, F.R.S,, Royal Observatory, Greenwidi. Willi 
3S Plates and upwards of too Woodcuts. In l vol., small Sto, 
55° P^g'^ 9^- ^- 1 cloth- 

" Piobabty no olbei book contuns the same amounl of icfomiatiDn in 10 rom- 
pendioiti and wpH-arranffed a form — certainly none at the price at which tbii is 



Dr. LardfieT^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 

Lahdneb. With JM lUoiltationa. Sail ^\Cvotv, ^q^Viqi 
cJoIh, 7J2 pages, 71. W. 
' We ia™ no besilatioa in cotdially tetaMomonfimtW.*— Educrtvmal Tliwi- 
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Dr. LardtiCT^s School Handbooks. 

NATURALPHILOSOPHY FOR SCHOOLS. ByDR. LAKnuit 

328 lUustratioiis. Siith Edition, 1 voL Jr. 6rf, doth. 
" Coovevi, ia cleu- and precui: lemu, genDTal Doiuiiu of all tlie principal dinaioB 
Bf Phyucaf Sdencb"— AnVii* Qu^rtrrly Rrtiirw. 
ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdnki. 

With t^ Illustrations. Second Edition. I vol y. (id. doth. 
"Clesrlywnllcn,wtll»rninE«l,andc«eUenilyilluit™ied."— Gira'flMri'CAnHfeif. 

Dr. Lardtier's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by E. B. BBlGUT,F.R.A.Sk 
140 Illustrations Small 8vo, zr. bd. cloth, 
" One of the most Kailable book' eilani on the Electric ttitza^'-'Siig. KidaHk. 

Mollusca. 

A MANUAL OF THE MOLLUSCA; t^bg a Treatise on 
Recetit imd fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appetidijtby Ralph Tate, A.L.S.,F.G.S. With numer- 
ous Plates and 30a Woodcuts. 3nl Edition. Cr. 8vo, "ji. 6d. dolh. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or. Geology snd 
Genesis, their Perfect Harmony and Wonderful Concord. By 
Geokgb W. Victor leVaux. Fcap. Svo, y. doth. 

■Lively of the aigunieiill of IhaK Bhd ivaulil set Gad'i Worlu against (>id'lWi]iiL 
No real difiicullr is itiiiked, andna uphistrvis left unupoicd.''— 7*,^ Aoci. 

Geology. 

GEOLOGY, PHYSICAL AND HISTORICAL: ConsistJag 
□f ' ' Physical Geology, " which sets forth the Leading Principles of 
the Science; and "Historical Geology," which treats of the Mineral 
and Oif^ic Conditions of the Earth at each successive epoch, especial 
reference being made to the British Series of Rochs. By Ralph 
Tate. With mare than 250 lUnstralians. Fcap. Svo, ^s. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev, 
John Cakr,M.A., late Fellow of Trin. ColL, Camb. iSmo, 5r. d. 

T/ie Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES, Framed 
from Contributions of Officers and others connected wilh the dif- 
ferent Services, Originally edited by a Committee of the Corps of 
Royal Engineers, ind Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal Svo, dotb, 4/. lOr, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Mackuv^v, late Professor of 

Fortification Jn the R. M. A., WooWvcYi. Softi t&twjtt, 

Svo, doth, with separate Atlas o[ iz P\a\.cs, lai. com^Xett, 



^ 
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Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart., LL.D., Q,C., 
F.R,A,S. Seventh Edidon, revised and enlarged. Limp doth 
(No. 67, Weale's Series), +r. &/.; d. bds. 5j. td. 

**ThDoaly modcra Ireatuc on clock-inakiDe.'' — Uonlogical JoumaL 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 
M.A., Precentor of Ely Cathedral. Second Edition, revised, with 
Additions, izmo, 3.;. cloth boards. 
"ThB amateur builder wilJ End in this book all thai is jiecessary 10 emtile hjin 

Brewing. 

. A HANDBOOK FOR YOUNG BREWERS. By Hbrbkrt 

Edwards Wright, B.A, Crown 8to, 3j. bd. doth. 
"A thorouffbly sdenUfic treatise iq popuUr laDPuage," — Mtmin^ AdvtrHstr. 

aod we leel sure iu perusal ii^ be attended with adirantage." — Srttmr- 

'e- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters. Brokers, &c. By J. 
W. Slater. Second Edition. Crown 8vo, 7/. 6d. cloth. 

Grammar of Colouring. 

A GRAMMAR OF COLOURIhG, applied to Decorative 
Punting and the Arts. By Gborge Field. New Edition. By 
Ellis A. Davidson, lamo, 3J. 6d. cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. K, 
and P. Van der Bueo. With 24 ftiU-size Colonred Plates; also 
12 Plain Plates, compri^inj! 154 Figures. Folio, 3/. \2s. ful. bound. 

" A.1 patlerns ihu pintes arc perfccl, and by following Ihtni n 5lyl^ bolh artiilic 
and cMplidi, and may Iw eQinprehended by the dullest nndenraiidinK without 
possessors of w iw^tf o tiwr*."—-flrfA^/«"/. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picturg 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Llning, and Restoring, the Prindpal Schools of 
Fainting. With Notes on Copyists and Imitators of each Master. 
"jf Philippe Daryl, B.A. Ct. 8vq, y. dtAVi. 

..ij_._ ,||j amjiotshlp, qual'ity. and vslae a? ttiiCWi 
iH'Icdsc necessary to a 
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Delamottis Works on Illumitiation & Alpkabeti. 

A PRIMER OF THE ART OF ILLUMINATION ; for Ihs 
u&e of Banners : with a. RudimenUin' Treatise on the Art, Pno 
tiod Directions for iu EierciK, and Dumerous Examples taken 
from llluminaletlMSS., printed in Gold and Colours. By F, Diu- 
MOTTE. Small 4I0, 9^. Elegantly bound, clotli antique. 
"TlieciiunplaoriinckDt MSS. reowiaicDded la ibc mident. Khich, mlb oudi 

judffmciii and knowledge, u well u tafile.^^^M/mrqjx. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDLSVAL } 
from the Eighth Centui]', with Numerals : including Gothic, 
Chorch'Text, Germaii, Italian, Arabesque, Initials, Monogiaim, 
Crosses, &c Collected and engraved \>f F. Delamottb, and 
printed in Colours. Tenlh and Cheaper Edition. Royal Sro, 
oblong, zi. bd. omamental boLttds. 

■■ For Ihflte who biurt enamelled tcnlencet round gilded chalices, wfao hlazoDtbop 
lefendi over ^op-doon, vho letter churcb *allE »ilb lulhy scoilcncei £001 die 
Dccalague, this booli will be uicrul."— ^/Anunuic. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per> 
spectiYe, Creek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque. &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. Eighth and 
Cheaper Edition. Royal Svo, oblong, 2/. bd. omameotal buanls, 

" There is comprised Id it every possihle ihape into wllich the lellen of Ihc alphab^ 

and nucnejaltcaD be formed. "'^VawdUra^ 

MEDI-fiVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Dblamottk. Containing 31 Plates, and 
Illuminated Title, printed in Gold and Coloius. With an Intro- 
duciion by J. AViLLis Brooks. Small 410, i\s. cloth gilL 

THE EMBROIDERER'S BOOK OF DESIGN ; conlainmg Initials, 
Emblems, Cyphers, Monograms, Ormunental Borders, Ecclesias- 
tical Devices, Mediieval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotib, and 
printed in Colours. Ohlong royal Svo, 11. ^d. ornamental wrapper. 

Pillar Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas JoHS GuLLiCK, 
Painter, and John Times, F.S.A FourlL Edition, revised and 
enlarged. WithFrontispieceandVignette. In small 8vo, 5^'. 6a^ cloth. 
*,* This Work has bitn adcfltd as a Prat-iaak in the Schools ej 
Arl at South fCtndnglon. 
"Coamini a EorEe amount of oneiiuJ matter, as^reeaUy convaycd.'^ — Bidtdir, 

from the carcfolpenivd of this unpretending bQtcompreiieiuiyetrcatit^''^-^rr7'^jrnr4/. 

Wood- Carving. 

INSTRUCTIONS In WOOD-CARVING, for Amateurs; with 
JJiats on Design. By A Lady. In. crableroatic wrapper, hand- 
somely printed, with Ten large Plates, ai. 6d, 
"7&eianrficnjrtoflJio wood-carver, so weUaia.\KJokcaii"m^anil.>™.l'^\»>» 
W" 'ALadyt'pixblica6oa."^AtlitnKt»i. 
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AGRICULTURE, GARDENING, 
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Vouait and Burn's Complete Grazier. 

THE COMPLETE GRAZIER, andFARMER'S and CATTLE. 
BREEDER'S ASSISTANT, A Compendium of Hiisbimdiy. 
By William Youatt, Esq., V.S. I2lh Edi'.ion, very con- 
siderably enlai^ed, and brougUt up to Ihe present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo, 
volume, li6o pp. with 244 Illustrations. I/, ts. balf-bound. 

"A irealise nhich will remoin a stRadard wtuk on chs iubjecl as lonE ai^ti h 

History, Slritciure, and Diseases of S/ieep. 

SHEEP ; THE HISTORY. STRUCTURE, ECONOMY 
AND DISEASES OF. By W. C, Stooneh, M.R.V.C, &c. 
Fouilli Edition, with fine engravings, including spccimeni of New 
and Improved Breeds. 366 pp., 45. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Dblribu- 
tora, etc. By John Ewakt. Cv, 8vo, 51. cloth. 

Donaldson and Sum's Suburban Farming. 

SUBURBAN FARMING. The Laying Out and Cnltivation of 
Farms adapted to the produce of Milk, Butter and Cheese, E^^, 
Poultry, and Pi){s. By the late Prof. J. Donaldson. With 
Additions, by R, Scorr Bukn. 4J. clolb. 

English Agriculture. 

A TEXT-BOOK OF AGRICULTURE (THE FIELDS OF 
GREAT BRITAIN), adapted to the Syllabus ol the Science and 
Art Department. For Elementary and Advanced Stndents. By 

, Hugh Clements (Board of Trade). iSmo, as. 6d. cloth. 

I ■■ A dearly written descriptian of the Drdloary iDulinc o( English raitn-life.-'—Zin./. 

I Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
I Soils, Mannres, and Crops— Firming and Farming Economy — 

\ Cattle, Sheep, and Horses — Management of the Dairy, Figs, and 

1' Poultry— Utilisation of Town Sew^e, Irrigation, &c. Sixlh 

i Edition. la i voL 1250 pp., half-bound, profusely illustrated, I2j, 

Farm Engineering. 
FARM ENGINEERING, eomprlsine Draining and Embnnfc- 
' ing ; Irrigalion and Water Supply ; Roads, Fences, and Gates ; 

. Farm Buildings ; Bam Implements, etc. ; Field Implements, etc. ; 

L Agricultural Sun-ejing, Levelling, etc. P.^ Sxi:S. ^dw.if.'iJ^'av^. 
About 1300 pages, -with SeveT(iHMwiieiYi\o.*.'n.'£iHa&. 



3& WOliKS IN AGRICULTURE. GARDENING, ETi 
Tfte Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of ihe 
VarieLies of Luds, Metho<)s of FanntDg, Fum BuUdiog, Irrigation, 
Dcainsee, &c. By K. Scott Bus-N. izmo, Jj. cloth, 
nienl or landed «uKi."— ^Bnnm/ rf Fortslry. 

7^he Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the O^niw- 
lion ot Fann Labour. Tteatiog of the General Woik of Ihe Farm, 
Field, and Live Slock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Foiuihouse and Cottage, 
Domestic Animals, Sic. By Robert Scott Burn, iimo, 3/. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Born, (The above Two Works in One Vol.) fo, 

Hudson's Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT ; being Tables, 
on a very much improved Plan, for CalculatlDg ibe Value t& 
Eitates. With Tables for Reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, royal 3zma, leather, gilt edges, clastic band, 41. 

Ewarfs Land Improver's Pockef-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MUL/E, TABLES, and MEMORANDA, required in any Com- 
putation relatiug to the FeimancDt Improvement of Landed Pro- 
perty. By John Ewajit, Land Suiveyot. 3zmo, leather, 4/. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK; consisting of the above two works 
bound together, leather, cilt edges, with strap. Is. bd. 
'^ We coneliicr Hud^on':^ book to be ihe bet reody-ieckoner on maltcT^ rdatinz lo , 

Ewarfs work graall/ enhances the value and uscfutness of the lalWi-mentioiiei!.— ' 
li i> Bosl UKful BS 1 manniil for refeimcc."— .VortA s/EMtland Farmrr 

Grafting and Bttdding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Ealtet. Translated from the French. With upwards of 180 
Illustfations. lamo, 31. cloth boards. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profiiable Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoration 
of Unfruitful Tresa, S:c. From the French of Du Breuil, Fourth 
Edition, revised. WitbanlntroductionbyGEOKCEGLESNY. +1.0!. 
"The book leaches ho* lo prune ond train rniil-lreei> 10 perfcdinn."— JfiViW. 

Potato Culture. 

POTATOES, HOW TO GKOW ATSU SWOW THEM. A 
Practical Guide to the Cultivation and (iencianieaVioenS. sS >i«. 
Potato. Bj- /AMES Pink. With IttasWaftoM. Ci.^iOi^s. A. 
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Good Gaydening. 

A PI,AIN GUIDE TO GOOD GARDENING; or, Hmv lo 
Grow V^etables, Fruits, and Flowers. With Pracdcal Notes 011 
Soils, Manures, Seeds, Flaalingi Layiog-aut ot GardeDs aod 
Groonds, Ike. By 5. WOOD. Third Editioo, Cr. 8»o, 51. cloth. 
•' A very eood book, and one lo he highly ncontmenilHl as a pmcilcal guide. 
tfie pracliodtlirKtiDU are u^cllcnt ■■—Alictrii»i. 

Gain/it/ Gardening-. 

MULTUM-ra-PARVO GARDENING ! or. How lo make One 
Acre of Land produce j£620 a year, by the Cullivation ot Frails 
and V^elablcs ; also How to Grow Flowers in Three Glass 
Houses, so as to realiie jfi^e per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. Svo, ai. dotb. 
■■ We [lie bound to reqommf iid it as not only sniled lo the qaseoF the araalcurairf 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amatenr's Complete Guide. By S. Wood. Cr. 8to, 31. Crf. 

Bulb Culture. 

THE BULB GARDEN ; or, How to Cultivate Bulbous and 
Tuberous-tooted Flowering Plants to Perleclion. By Samuei. 
Wood. Coloured Plates. Crown Svo, p. 6,!. cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR; 
A Practical Manual on the riop^ation of Forest Trees, Fruit 
Trees, FlowerinE Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood, i2mo, zi. 61/. cloth. 

Tree Pninitig. 

THE TREE PRUNER : A Practical Manual on the Pruniog ..f 
Fruit Trees, their Trainiog and Renovation ; also the Fnming of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2s. 6d., doth, 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNEk. 
Uy Samuel Wood, Author of " Good Gardening,'" &c. Consisting 
of the above Two Works in One Vol,, 51. half-bound. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN ; or, trow lo Grow Early Fniils, 
Ftowers, and V^etables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown Svo, p. hi. 

Market Gardening, Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to ■■ The Garden." Compiled by C. W. SiiAW, Editor 
ofGardeninglllnstnited." i2mo, 3J. 6/. cl. bds, 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Sfewnis^Vw« \i 

£repare aiid lay out the ground, t\ie \ic«. ■outa.'Qa tA ii'A'™«Js;(,es«^ 
lOHTiVegetabieandHetb, Stc. B^G,M.'S,C\s.U-s\, vuno-.i' 
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'A Complete Epitome of the Laws of this Country^ 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition, 
with Notes and References. Corrected to the end of last Session. 
Embracing upw'ards of 3,500 Statements on Points of Law. 
Crown 8vo, price ts, %d, (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN's LAW, THE LAWS OF 

Skttlkmknts— Stock Exchange pRAC* 
TicB— TitADB Marks and Patxnts— 
Trespass, Nuisances, ktc — Transfu 
OP Land, ktc. —Warranty— Wills 

AND AgREBMBNTS, ETC 

Vendor — Companies and Associations 
—Friendly Societies — Qeiyiymen, Church- 
wardens — Medical Practitioners, &c. — 
Bankers — Farmers ^ Contractors — Stodc 



Bankkuptcv— Bills OP Exchange- 
Contracts AND AgRRBMBNTS— COPV- 
RIGHT— DOWKR AND DiVORCB— ELEC- 
TIONS AND Registration — Insurance 
—Libel and Slander — Mortgages— 

Also Law fur Lindlord and Tenant — 
Master and Servant— Woriunen and Ap- 
prentices—Heirs, Devisees, and L^a- 
tees — Husband and Wife — Executors 
and Trustees — Guardian and Ward — and Share Brdcers — Sportsmen and Game- 



Married Women and Infants — Partners 
and Agents — Lender and Borrower — 
Debtor and Creditor ^ Purchaser and 



keq>ers — Farriers and Horse-Dealers— 
Auctioneers, House-Agents — Innkeepers, 
&c. — Pawnbrokers — Surveyors, &a, &c. 



" No Enf^lishman ou;;ht to be ^i-ithout this book." — Engineer, 

** What it professes to be— a complete epitome of the laws of this country^ thorotighly 

intelligible to non-professional readers. The book is a handy one to have m readiness 

when some knotty point requires ready soluticm."— ^/Tf Lt/k, 

Hozu to Invest. 

HINTS FOR INVESTORS. Being an Explanation of the Mode 
of Transacting Business on the Stock Exchange, etc. By Walter 
M. Play FORD, Sworn Broker. Crown 8vo, 21. cloth. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C NGrris. Royal 32mo, cloth, p. 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lar. dd, cloth. 

" The position and duties of auctioneers treated compendiously and clearly. "-^ 

House Property. ^^'**^"- 

HANDBOOK OF HOUSE PROPERTY : the Purchase, Mort- 
gage, Tenancy, and Compulsory Sale of Houses and Land ; the 
Law of Dilapidations, &c. By E. L. Tarbuck. 3rd Edit 35. 6d, 

"We are ^lad to be able to recommend it." — Builder, 

" The advice is thcwoughly practicaL"-— ^ow JoumaL 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the Appeals 

heard before the Court of General Assessment Sessions at West- 

minster, in the years 1871-80 inclusive. Containing a large mass 

of very valuable informalion "wiVYi Tc^^tcX. \.o >i3tkt"B^^\!\\v^ ^^ Rail- 

ways, Gas and Waterworks, Tram\wa.^,'WVfflxv«»,'5\ife\tfi^w\s«8», 

&c. By Edward and A . L. Kvdil. Svq^ l os, e>d. <^oVfe.. 




'vCLEcnoH rsoK wzAlSM WSBSs.' 



AGRICULTURE, GARDENING. Ac. ^ 

' DJtAiyjXG .lyD EMILiXKIXG. A Practical Trea- ji 

tise. B7 Jomi Scott, late ProfeBsor of AgricultBte and Rural i". 

Kconomy, M tto R«)-»l Agricnltnral College, Ctranco»t«r. With 5 

6S lUoBintiona. u. Od. ^i 



if «ttatc UDptonmaLt.^— /4nJ Agtnft Stcori, 

\ IRlilGATION ASD WATER SUPFLT. A Practical 
TrKitiae on Water Mendowt, Sewage, Iriigalion, Warping, &c. ; : 
~ n ths Conatlaction of W«lls, Ponds, snd Beserroin, &c. By ■ 



idiipcaaible book tor the uUIa moiuen' and (nrutr."— <^ 

^tyVv ■■ wdl mrth the itodT of nil bnnen uid lundcd pn^iMaa."— Balding ^ 

^5£ -Fj'RJf ROADS, FEXCE3, AND GATES. A Prao- ^ 

Ji5 tical TieatiM on the Roads, Tramwaj-B, and Waterways of the ^ 

S-'rS? Fiinn -, tho Fiiaciples of BacloaQt^a ; and the different kinda of ^ 

E'Jtf- Fences, Gate*, and Stiies. By Professor JoHa Storr. With i^ 

f »fe 73 lUaslratJons. Is. 6d. 5^ 

Y^* "Sir. Stott'i tmtite irtU be wileomed u a guiae to ths emreyntin the ^ 

UfY' hundbook IM the fiinoer.'"— Buiiliij *aiM. ^ 

^ jlr " A oHfol pnclical work, vhich ihculd be in the huids of erery Gmuer." — ^ 

V^ FJiLV BUILDINGS. Their Arrangement and Con- ^ 

[u^ ilTucdon, inclndiDg Plana and Eatimates. By PreleaEor Joun ^k 

Pjff Scott. With 105 Illnatrations. 2s. ]{K 

— tp "TbaworkofaprsctitBlman. No one who i« called open to deriBn fatm- ci 

CTU bufldicn CUD aSonl ta b( iritliont Uiii hsndr lime Totk/'—^iiAr. %; 

fed "ThiabookonghttobBinthe hanasofeteirlaaaowncrimdsgijnt."— K«I» M 

EW B-4R^' IMPLEMENTS AND MACHINES. A Prac- fl 

jf-iCS Ucal Treatise on the Application of Power to the Opeistions of fl 

ttf-* Agricaltare ; and on vaiiona Machines used in the ThreGbing- fl 

vj,-M- ham, in the Stoct-yaid, and in the Dairy, &c. By Protessoi fl 

John Scott. With 12S niustrations. 2e. 3 

i-VKLD IMPLEMENTS AND MACHINES. A Proe- g 

ticnl Treatise on the Varieties now in use, isith Pnndplea and ^ 

Details of CoDEtrnction, their Points of Exeellence, and Ifanago- ^ 

j^JJ^ ment. By ProteMCt Jobn Scott. With 138 lUustrations, 2b. ^ 

¥*:§ AGRICULTURAL SURVEYING ; A Treatise on Land d 

^f" * SurvejTDg, LcTelling, and Setting-oat; and on Measuring and of 

5»cTjft EBtimating Qnantitiea ; Weights and Values of MatariEils, Pro- -^j 

[5^2? dure, and Stock ; -with Directions for Valuing and Beporting on SJ 

■:^«jg Fflrms andEalatel. By ProtesBor JoKV Scott. [I^nt/it prtsa. f- 

'^^ FARM ENGINEERING. By Profeaaor Jobs Soott. ^ 

■^ Compriaing the above Soran Volames hound together, conBiating jj| 

-' -^— '^ '■ """ pages, with Several Hundred Illustrations. ^ 

[/>! ihe priti. ^| 



M' 



S,rn? Com 



ji& j^ BELECTIOIT FROM WHALE'S SEEIE8. 



^cl THE TREE PLA'STER AND PLANT PEOPA- 

i^Tju GAT03. With numeroas lUustrBliooB of Grofting, Layering, 

£'j|c Buddine, Cuttings, Useful ImplomentB, Houses, Fits, &a. Bj< 

•r'i^ Samuel "Wood, 2s. 6d. ; clolh bonrda, 3s. 

T'3^ 3 " Bound In its teaclilns and vecj comprcbenaive in iU aim. It ia a good 

y^ boolt."-B<iTrfw(i-j' maii^iat. 

nirr "Tbo inBtruntlona uB tLoroogldr praoUijal ana oorreot. '— Aorl* Briiii*. 

■T-S. ^^^■^''"^'"'"' 

L't^ THE TREE PRUNER: Being a Practical Manual on 

s(u|- tlie Fmning of Fruit Trees, including also their Training Dsd 

?(^5 HeaiOTation ; also treating of the Pruning of Shrubs, Climbers, , 

^■^S and Flowering Plants, With nnmeroaa Illustrationa. By' 

r1j£ Sauokl Woou. 33. ; eloth boardB, 23. 6d. 

tjr2 " *■ usefn] book, written liy one nlo has had great expeiieooe."— Jfar* Lam 

^jt> ^* reoomniBna this tieatiBe very hishly."— Wi«* BrilMi AsndUviti. 

:g| Srfl.E rJfE£ PLANTER, PROPAGATOR, ANJ> 

U^ P^ 1/NE21. By Sami'bl Woob. ConBiating of the above Two 

it^& Volumes bound togethor. fis. 

;'jf? FRUIT TREES, Their Scientific and Profitable Culture, 

'■^iS From the French of M. Du Bredil. Third Edition, by 

j'>'5 Geokob Qlbnnt. WithlSTonta. 3s. 6d. ; cloth boards, 4s, r 

j(*^ " Tbo book (sachfls how to prono md train fruit treea to perfection."— iWJ. ( 

^M THE ART OF GRAFTING AND BUDDING. By J 

" t5 CHARtsB Baliet. 'With. Dluatratioofl. 2b. Sd. ; cloth boards, 3a. 

fV2 " Tho one otandard 



anTijeotofpiirang 



profluot of lie purely Britiili praiB on thi< moet interesting 
--■- ith IMS book tor price, TOloe, BOdexoelleuc- 



fc^^ VI i^uDuB.'i^ru. —QiajffoiB Herald, 

3C^ KITCHEN GARDENING MADE EASY. Showing 
kK^^ how to Prepare and Lay out the Ground, the best meanB of 
^j^ Coltiyftting every known Vegetable and Herb, &c., with^oultural 
^ J|^ directionB for llie management of them all ths year round. By> 

Qboboe M. p. Glesnt. 12mo. Is. 6d. ; cloth boards, 2s. 

" A u«oEnl and taMtWDHliy piide."— JVoOA Briliih AgriaiUinvl. 

COTTAGE GASDENING; or, Flowera, Froits, and 
Vegetables for Small Gardens. By E. Hobdat. Ia. 6d. 
" Definite Inatmstlons se to the cultimtioQ of emoll Bardens."— ffwlinini, 
" Contains mocb uNtol infonnatioa at b small cliar([q."— Oiuf ni acmU. 

GARDEN RECEIPTS. Edited by C. W. QtiiN. la. 6d. 

"A Blngululy complete collcolion o[ the principal locstpli needed bj- 
BHrdenei'H."— ^nnwer. 

" A usetal nnd bnQ^ book costsinlng a gofld deal of valDnble inlbnnatlon.'' 
—AIMnanmi. 

THE KITCHEN AND MARKET GARDEN. By 
ContribukirB to "The Garden." Compiled by C. W. SnAW.j 
Editor of "GflrdeniDgHlustTflled." 3b.; doth boards, 3fl. ed. | 
" The most TitnHblc compendiam oE kitchen nod ninrkct-gnFdenwDtk pab- 

liabed."— Fonncr. ' 

"A most oompieliGniiive loloms on Duukct End kitchen- gcirdeDiDg. 



fC£f CE03BT lOCEWOOQ fe C0,,1,OTIJtlCHrEB.'K -atai-WSSKt, 



